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INTRODUCTION

Although the literature may be found to contain many accounts of
temperatures observed in separate and restricted areas of the shallow1
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water zone along the Atlantic Coast of the United States, it would
appear that a comprehensive treatment of temperature conditions in
this entire coastal region has previously only been attempted once, by
Rathbun (1887), whose valuable records form a very important part
of the material for the present investigation, and whom we shall
therefore have frequent occasion to refer to the following. In Rathbun's work, the temperature observations are first presented in the
conventional manner in annual curves for each separate locality, but
an attempt has also been made to show them in their geographical
relationship in six graphs in which both time and location are given
consideration. The location is only expressed in terms of geographical
sequence, however, and not in terms of actual geographical distances,
all points of observation being separated by equal interspaces in the
graphs, although, for instance, Martin's Industry Lightship is about
17 times as far from Fowey Rocks as the latter point of observation is
from Carysfort Reef. Rathbun's method of presentation consequently
fails to give a true picture of the actual geographical temperature
gradient and its changes during the seasons, and his graphs, although
they are of a related character, thus differ fundamentally from those
developed for the purposes of the present report.
For this and other reasons of a similar nature many biologically
highly important features of the annual temperature cycle in the
shallow-water belt here considered, such as for instance the establishment of seasonal temperature barriers at Cape Cod and at Cape
Hatteras, the development of eurythermal and stenothermal conditions in these two barrier regions at opposite times of the year, and so
on, remain obscure or entirely undisclosed in Rathbun's temperature
charts and are not brought out in his text. Nor have these various
features received any clear elucidation in the subsequent literature,
which has strangely failed to carryon with the problem in spite of
its great importance particularly where the biology of migratory forms
such as most of the commercial species of fish are concerned, as already very well stated by Rathbun.
This peculiar neglect of such an important field of information for
marine biological investigations has undoubtedly in a considerable
measure been due to a prevailing feeling that it would not be worth
while to attempt to carry the work any further until our knowledge
and understanding of the oceanographic conditions along the western
margin of the North Atlantic Ocean had progressed to a point where
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it would be possible to fit the coastal shallow-water temperatures into
a total picture of hydrographic causes, effects and relationships.
However justified this attitude may seem from the point of view of
the physical oceanographer, it can have no merits in the eyes of the
marine biologist who is directly concerned only with the actual facts
of environmental conditions in the sea, and is only indirectly and very
remotely interested in the hydrographic explanations of these facts. 1
While the physical oceanographers continue their search for the explanation of the various factors influencing temperatures and other
features of the sea, the biologists are therefore in need of a presentation of the actual facts of oceanography, which will permit them to
correlate biological proces,ses with the environmental conditions under
which they occur and w'ith the fluctuations in these conditions in
point of space and time.
In the present article, the author shall therefore attempt to present
the facts of the temperature conditions in shallow water along the
Atlantic Coast of the United States in a manner which might be
suitable for the special requirements of the biologist, without any
pretentions at all in regard to the hydrographic interpretation of the
facts thus presented. In many instances the probable cause of the
temperature conditions, as actually observed, is more or less obviously
indicated in the data themselves and will be mentioned accordingly in
the text. In other cases theoretical possibilities suggesting themselves
to the writer may be briefly alluded to as such. But so far as hydrographic explanations are concerned anything suggested in this article
should rather be considered in the nature of questions directed at the
physical oceanographers working with the problems of this region, than
as definite theories advanced by the writer. When certain general laws
pertaining to the temperature conditions in various sections of the
coastal waters here considered seem to be revealed by the analysis of the
records given on the following pages, this, of course, merely constitutes
a'disclosure of facts but not a discovery of their causes.
1 In problems in which the mechanical transportation of biological communities,
nutritive substances, and so forth, by ocean currents play any part at all these currents themselves naturally are among the oceanographic facts with which the biologist must concern himself, but the statement still holds good that he has no more
direct interest in the hydrographic explanations and interpretations of the facts of
the ocean currents than he has in the ultimate cosmic causes of the temperature
conditions he observes in the environment in which his investigations take place.
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MATERIAL

The material upon which the present account is based consists in
part of the temperature curves and isothermal graphs published by
Rathbun (1887) in part of the surface temperature records kept in
more recent years, at the request of the Bureau of Fisheries, by the
officers and keepers of nineteen selected lightships and lighthouses
along the Atlantic coast of the United States from Dry Tortugas to
Maine.
In the records for recent years, of which only 1928, 1929 and 1930
are here considered, the temperatures have as a rule been entered
twice daily, at 8 A. M. and at 6. P. M. About 40,000 single observations are thus available for the three-year period.
Rathbun's data, also consisting of surface-temperatures only, were
collected in a similar manner during the years 18131-85 from 24 lightships and lighthouses extending in a series all the way from Maine to
Dry Tortugas. In the original records the time of observation was
adjusted to the stage of the tide, temperatures being taken at first high
water and at first low water after 7 A. M. The original records and
tables are not published in Rathbun's report, however, and for the
purposes of the present account we are therefore confined to the use
of his temperature charts, based upon ten-day averages, which will be
perfectly adequate for most of our needs. By a consideration of fiveday or ten-day averages only, it will certainly be quite immaterial
whether the semi-daily single observations have been made at certain
hours or at certain stages of the tide.
The positions of the various lighthouses and lightships are shown
in figure 1 on page 6 and are further accounted for in detail by
Rathbun (1887)2 in so far as their temperature records were included
in his data. In the material from recent years, we also have available
2

Loc. cit. pp. 162-164 and in the explanations of ~emperature charts 2-25.
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several series of observations from lightships which have been added
since Rathbun's time, and from some of the older lightships which
have altered their positions during the intervening years. These
additions and alterations are all accounted for in the brief review, below and on the following pages, of all points of observation from which
records were obtained either by Dr. Rathbun during the period
1881-85 or by the Bureau of Fisheries in recent years. Where no
changes have occurred or no recent observations have been made,
these short descriptions of each location will be largely straight
quotations from Rathbun's account.
In the discussion of his data Rathbun (1887, p. 161) expresses the
opinion that his records from the stations north of Cape Hatteras (except Vineyard Sound and Nantucket Lightships) gave frequent indications of careless observation during exceedingly cold weather in the
months of January and February, the thermometer, at times, not
being read quickly enough after it had been withdrawn from the water.
The data from the northern stations for these two months have therefore been omitted from Rathbun's temperature charts. No internal
evidence of similar inaccuracies or systematic errors of significant
magnitude is to be found in any of the the winter temperature records
from recent years. The reported temperatures of the surface water, on
the contrary, show a great consistency with each other under the most
changeable conditions with regard to the temperature of the air, and
there is hardly a single instance of an obviously improbable observation being entered in the records for the winter months, even as an
error of writing. For these reasons the writer feels confident that
the temperature data for the months of January and February during
the years 1928-30 are also north of Cape Hatteras fully comparable
with the records from the other seasons of the year, and can be considered on that basis without any reservations. 3
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The distances between stations given in the following account are
coastwise distances, measured along the shallow water zone (see
page 24).
a The thermometers used during recent years are protected by a wide metal tube
open on one side and at one end only, so that a considerable volume of water is retained around the mercury bulb, and the pOBBible effect of wind and air-temperature
within a reasonably short time of exposure is greatly reduced.
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Fig. I.-Chart showing locations ot lightships and lighthouses. Small circle and dot
between stations 5 and 6 Indicate location ot Bnmswick Lightship, abandoned In January
1929.
Dry Torluoas liohlhouse.-Located on the western Island ot the Tortugas, at the south-

western extremity ot the Florida Reets. The light-house Is situated on the eastern side ot
Loggerhead Key (or island), which is bordered by a channel having depths ot 10 to 12 tathoms
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and occupied by strong tidal currents. The surfaql temperature observations were taken
where the water Is only 5 feet deep. and show indications of local ln1luences, which render
them more or less unsatisfactory with respect to the open waters surrounding the reefs
(Rathbun). 24° 38' N. 82° 55' W.
Sombrero Kell lighthouse.-In about 4 feet of water on the outer line of the reefs. About
3~ miles from the nearest key, 5~ miles from the 100 fathom contour and immediately
adjacent to depths of 10 fathoms or more on the outside. About 63 miles from Carysfort
Reef and 100 miles from Dry Tortugas. 24° 38' N. 81° 31' W. Records from this station
have only been obtained during recent 'years.
Caff/stort Reet lighthouse.-Located near the northeastern end of the Florida Reefs, about
63 miles from Sombrero Key lighthouse, and on the outer side of Carysfort Reef. Depths of
50 fathoms occur within 2 miles of the light. Observations were taken In a depth of only 3
feet, but evidently In a more exposed position than at the Tortllgas station, as the ellects of
localln1luences are Ie.. apparent In tbe surface temperature records (Ratbbun). 25° 13' N.
SOo 13' W. Records from this station were obtained by Rathbun, but have not been collected
during recent years.
Fow81/ ~ lighthouse.-Located on the outer edge of Fowey Rocks, at the northeastern
extremity of the Florida Reefs, and 23 miles from Carysfort Reef. The lOO-fathom curve Is
distant about 2 ~ miles. Tbe depth of water at the place of observation Is 5 feet, and the
water temperature records compare favorably with tbose of Carysfort Reef, indicating a
similar expollUre (Rathbun). 25° 35' N. 80° 06' W.
St. Johns Rioer lightship.-Anchored about 5 miles from shore 011 the entrance to St.
Johns River, Fla. About 57 miles from the lOO-fathom contour, and about 5 miles from thIl
Io-fathom contour, although the lightship itself Is located In nearly 10 fathoms (57 feet)
depth. About 305 miles from Fowey Rocks and about 110 miles from tbe location of the old
Martin's Industry lightship. 30° 23' N. 81° 18' W. The lightship was not established In
this location until January 1929.
Brunswick lightship.-Anchored In 8U fathoms of water, 14~ miles 123° from St. Simon
LIghthouse, Ga., and about 38 miles to the northward of the present position of St. Johns
LIghtship. 31° 00' N. 81° 10' W. This location, which is indicated by a small clrcle and
dot between stations 5 and 61n figure I, was abandoned already In January 1929, and was not
among the stations from which records were obtained during 1881-85.
Martin's Industrlllightship.-Anchored In 9 fathoms of water, about 8~ miles from land,
011 the entrance to Port Royal Sound, 6 miles from the Io-fathom contour, and 58 miles
from the lOO-fathom line; distant about 110 miles from the location of St. Johns River
lightship. 32° 06' N. 80° 35' W. This lightship from which Rathbun collected temperature
records has now been replaced by Savannah IIgbtship, but no data are available from this
new location.
Rattlesnake Shoal IIghtship.-Anchored In 5 fathoms of water, about 5 miles 011 land, just
north of the entrance to Charleston Harbor, and about 56 miles from Martin's Industry
lightship. 32° 44' N. 79° 44' W. Tbls lightship, from which Rathbun obtained his records,
has !lOW been replaced by:
Charleston IIghtship.-Anchored only I ~ miles SE of the location of the old Rattlesnake
Sboallightship (above) In about 7 fathoms of water, about 12 miles from the Io-fathom contour, 47 miles from the lOO-fathom contour and 10 miles from the nearest shore. 32° 41' N.
79° 43' W.
For the purposes of the present report, the locations of the old Rattlesnake Shoal and the
new Charleston lightships may be considered identical.
Fff/ing Pan Shoals lightship.-During the years when Rathbun's data were collected, this
lightship was anchored only about 17 miles southeasterly from Cape Fear at tbe Io-fathom
contour, about 33 miles from the lOO-fathom line. 33° 35' N. 77° 50' W. The lightship has
subsequently been shifted about 15 miles to the ESE from its old position and is now anchored at the end of the outward projection of the Io-fatbom contour 011 Cape Fear, about
30.5 miles from the latter point, about 183 miles from Cbarleston lightship. and only about
20 miles from the lOO-fathom contour. 33° 28' N. 77° 34' W. Tbe records for the period
1928-30 have all been obtained from tbe new location of tbe lightship.
Cape Lookout lighthouse.-The lighthouse, from which Rathbun's data were obtained, to
"located on the outer shore. about 3 miles nortb of the extremity of Cape Lookout, and 90
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miles from FryIng Pan Shoals ligbtship. The observations were taken at the lower edge of
tbe beacb in a depth of 1 foot of water. The bottom slopes gradually, and attains a deptb of
10 fathoms about 5 miles from shore. Although the maximum and mlnlmum surface temperatures at this station correspond closely with the same at Frying Pan Shoals, the surface
curves are much less regular, and show direct atmospheric influence" (Rathbun).
The records for 1928-30 were Il.ot obtained from this shore station but from:
Cape Lookout SluJals UghtsMp.-Anchored in about 15 fathoms depth, 20 miles SSE %S
(163°) from Cape Lookout lighthouse, only about 2.5 miles from the ten-fathom contour
and 17.5 miles from tbe l00-fathom curve. Latitude 34° 18' N., longitude 76° 24' W. Next
to Diamond Shoals lightship, this Is the station situated closest to the edge of the continental
melf and to the normal axle of the Gulf Stream. These two stations accordingly show great
similarity in their temperature curves.
DIamond Shoal lighlship.-Anchored in about 34 fathoms depth, but only about 3 miles
from the 100fathom contour, 13 miles SE %E (l300) from the point of Cape Hatteras, 11
miles from the l00-fathom contour, and about 70 miles from Cape Lookout lightship. Latitude 35° 05' N., longitude 35° 20' W. As these figures will show, Diamond Shoals lightship
Is situated at the narrowest point of the continental shelf anywhere between Cape Cod, Mass.,
and Cape Canaveral, Fla. It also Is closer to the normal axis of the Gulf Stream than any
other point of ebservatlon except those in the Florida Keys. The shoals extending outward
from Cape Hatteras give occasion to great turbulence in this region although the eftects of
this may not always reach entirely to the position of the lightship.
Bodl/'s Island I1ghthouse.-Located near the southern end of Body's Island, about 35 miles
north of Cape Hatteras, and 86 miles from Cape Lookout. The shore Is similar In character
to that at Cape Lookout, but the surface observations were taken where the depths are from
7 to 9 feet. The temperature curves for the surface and air are almost precisely alike, and
the observations cannot be regarded as of any value with respect to the open waters oft shore
(Ratbbun).
Cape Char~s and Chesapeake Iightships.-Durlng the period 1928-30 the lightship marking
the entrance to Cbesapeake Bay was first located, under tbe designation of Cape Cbarles
ligbtship, In about 8 fathoms of water, about 9 miles from tbe nearest land (Smith Island),
2 miles from the 100fathom contour and about 50 miles from the 100-fathom line. 37° 05' N.
75° 41' W. On September 1, 1928 tbe position was sbifted about 6 miles to the southward
and tho name changed to Chesapeake lightship, under which designation it is anchored at the
100fathom contour about 116 mlles from Diamond Shoal lightship, 14~ miles from nearest
land (Cape Henry) and 50 miles from tbe l00-fathom contour. Since the change In location
Is quite Inslgnlftcant for our considerations In the present report, the designation under
which the temperature records were first received (Cape Charles) has also been used for the
later records to avoid contusion by the comparison of the graphs for the various years. Data
from the entrance to Chesapeake Bay were not obtained by Rathbun
Winter Quarter ItghtsMp.-Wben Rathbun's data were being collected, this lightship was
located much closer to the shore than at the present time, being anchored just at the 10fathom contour (10 ~ fathoms) about 8 ~ miles oft Assat6ague Island, Md., in latitude 37° 57'
03" N., longitude 57° 05' 29" W. In recent years, including the perIod 1928-30, the ligh&ship has been anchored about 7 % miles East by South of Its old position in about 13 fathoms
of water, surrounded by shoals, about 15~ miles oft Assateague Island, about 72 miles from
the l00-fathom contour, and about 68 % miles from Chesapeake lightship.
Flee-Fathom Bank I1ghtship.-Anchored in 12 fathoms of water, about 14 miles oft the
coast, just east of Cape May, and oft the entrance to Delaware Bay; distant about 56 miles
from Winter Quarter Shoal lightship (Rathbun). Now anchored In about 15 fathoms of
water, 16 miles oft the coast, 55 miles from Winter Quarter lightship and about 50 miles from
the l00-fathom contour.
Absecon IightluJuse.-Located on the beach in front of Atlantic City, and just south of the
entrance to Absecon Inlet; 34~ miles distant from Five-fathom Bank lightship. The shore
Is faced with shoals, but the surface observations were taken in the channel leading to the
inlet, in depths of 9 to 15 feet of water. The surface records are much more satisfactory tban
either of the previous shore stations (Cape Lookout and Body's Island), and the surface
curves are nearly as regular as at Five-Fathom Bank lightship (Rathbun).
SandI/ Hook IighlsMp.-Anchored in 14 fathoms of water oft the entrance to New York Bay;
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6 miles east of Sandy Hook, N. J., the nearest land; and.abou~ 70 miles from Absecon Light
(Rathbun). 40° 26' N. 73° 52' W.
Fire Is/and /ighthouse.-Rathbun's data were obtained from the shore station (llghthouse),
"located on the east side of Fire Island Inlet, south side of Long Island, 31 miles from Sandy
Hook lightship. The surface observations were taken In the entrance to Great South Bay,
between Fire Island and Oak Island, In 3 feet of water. A strong current flows through the
channel, which Is somewhat similar In character to the entrance to Absecon Inlet" (Rathbun).
In recent years, Including the period 1928-30, the observations In this region have not been
made from the lighthouse, but from:
Fire Is/and /ightship.-Anchored In about 16 fathoms depth, 9.4 miles S l4E (172°) from
Fire Island lighthouse, 125 miles from Five-Fathom Bank lightship, about 7 miles from the
2O-fathom contour, 57 miles from 5O-fathoms and about 70 miles from l00-fathoms depths.
Latitude 40° 29' N., longitude 73° 11' W. The 3D-fathom contour of the Hudson Gorge
passes about 28 miles to tbe southwestward of Fire Island lightship.
Block Island southeast /ighthouse.-Located at the southeastern corner of Block Island, 82
miles from Fire Island light. The observaTions were taken at the lower edge of the beach,
which faces the open sea. to the south. The surface temperature curves are comparatively
regular and show less variation from local Influences than would be expected at a shore station of its character (Rathbun).
Brenton Reef lightship.-Anchored In 14~ fathoms of water, oft the entrance to Narragansett Bay, and about 1 % miles from land; 1714 miles distant from Block Island southeast
light; and about 80 miles from the lOD-fathom contour. 41° 26' N. 71° 23' W. The point
to point distance from Fire Island lightship Is about 98 miles, but the projected distance of
about 90 miles along the outer coastline (Long Island-Block Island-Martha's Vineyard)
has been used In the graphs.
Vinellard Sound lightship.-Anchored In 15 fathoms of water, on the western side of the
southern entrance to Vineyard Sound, 2 ~ miles from Cuttyhunk Island, the nearest land,
and 177!l miles from Brenton's Reef lightship (Rathbun).
Nantucketlightship.-I. Old Position.-In earlier days, Including the years 1881-85 during
which Rathbun',s data were obtained, Nantucket lightship was anchored In 16 to 18 fathoms,
In latitude 40° 54' 51" N., longitude 69° 49° 26" W., about 21 miles SE of Nantucket Island,
distant about 58 miles from Vineyard Sound lightship and about 36 miles south of Pollock
Rip.
Nantucket lightship.-II. New Position.-In recent years, Including the period 1928-30,
Nantucket ligbtshlp has occupied a more southerly position on the bank, being anchored In
about 30 fathoms depth, latitude 40° 37' N., longitude 69° 37' W., about 20 miles to the
south-southeastward of Its old position, 42 miles from Nantucket Island, 78 miles from
Vineyard Sound lightship, and about 60 miles from Pollock Rip.
Po/lock Rip /ightship.-1881-1885. Anchored In 5--7 fathoms of water, In the eastern
entrance to Nantucket Sound, and 37!l miles SE by E 7!l E from Monomoy Point lighthouse,
Cape Cod (Rathbun). 41° 32' N. 69° 55' W. Subsequently shifted about 5 miles to the
northeastward, and now (1928-30) anchored at the ID-fathom contour NE from the en~rance
to Nantucket Sound, about 61 miles from the new Nantucket Shoals lightship and about 18
miles from the l00-fathom contour (Gulf of Maine). Distance from Vineyard Sound IIgh~
ship, measured through Vineyard and Nantucke~ Sounds, about 55 miles.
Boston lightship.-Anchored In about 18 fathoms oft Nantasket Roads entrance to Boston
Harbor near the western shore of Massachusetts Bay, about 66 miles from Pollock Rip
lightship, and 34 miles from the l00-fathom contour. In accordance with its location, the
records from Boston lightship mainly reflect the strictly local conditions In Massachusett.
Bay. 42° 20' N. '70° 45' W.
Gloucester, Mass.-Observations made on Tenpound Island In Gloucester Harbour. Temperatures s~rongly Influenced by local factors.
Thatcher's Island lights.-Located on Thatcher's Island, oft the eastern extremity of Cape
Ann, about 73 miles from Pollock Rip lightship. Depths of 60 fatboms occur within a distance of 67!l miles to the eastward. The surface temperature observations were taken where
the water is 7 feet deep, and show variations from local Influences. Observations were first
made at this station by one of the lighthouse keepers, but after April, 1881, by an observer
of the U. S. Signal Service (Rathbun). 42° 38' N. 70· 35' W.
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Boon Island ltohth0u3e.-Boon Island Is a sma.ll rocky Island lying off York Harbor, and
miles from the nearest land. It Is distant about 35 miles from Thatcher's Island, and Is
surrounded by depths of 5 ~ to 25 fathoDl8 within a radius of 1 mile. The depth of water
where the sur!ace observations were taken Is 9 feet. Many gaps occur in the records of this
station, and the reductions plotted on the chart are therefore probably not relIable (Rathbun).
43° 07' N. 70° 29' W
Portland liOhtship.-Anchored in about 15 fathoDl8 of water about 5 miles ESE of Cape
Elisabeth, Me., and about 3 miles from the 5O-fathom contour. Distant about 18 miles
from Seguin Island, about 30 miles from Boon Island, and about 80 miles from Boston
lIghtship. 43° 32' N. 70° 06' W.
Seguin Island liohth0u3e.-8eguln Island Is small and rocky, and is situated about 2'/.
miles off the nearest point of the mainland, on the eastern side of the entrance to Kennebec
River, and about 47 miles rrom Boon Island. The lighthouse Is on the western side of the
Island, where the water Is from 6 to 8 fathoms deep close inshore at the place of observation
(Rathbun). 43° 42' N. 69° 46' W.
Matinicus Rock ltohth0u3e.-Matlnicus Rock is a rocky Islet about 14 miles south of Vinal
Haven, at the mouth of Penobscot Bay, and about 80 miles from Seguin Island. Depths of
4 to 45 fathoDl8 occur within a radius of 1 mile. the depth where the surface observations
were taken ranging from 6 to 12 fathoms (Rathbun). 43° 47' N. 68° 51' W.
Mount Desert Rock liohthouse.-Mount Desert Rock is simllar in character to Matinicus
Rock, and Is situated about 18 miles off Mount Desert Island and 34 miles rrom Matinicus
Rock. Within a radius of 5 miles the depths range from 50 to 95 fathoDl8; the depths of
water where the observations were taken were 2 to 10 fathoDl8; the records are about as
imperfect at this station as at Boon Island (Rathbun). 43° 58' N. 68° 08' W. Distance from
Portland lightship 90 miles.
Petti Manan liohth0u3e.-Petit Manan Island consists of a group of low, rocky Islets,
situated about 2 miles from land, off the western entrance to Pigeon H1ll Bay, and 27 miles
from Mount Desert Rock. They are surrounded by deep water, the obeervations having
been taken where the depths range from 8 to 15 fathoDl8 (Rathbun). 44° 22' N. 67° 52' W.
5~

II

II

I

SIGNIFICANCE 01' SURFACE TEMPERATURE RECORDS

The lightships and lighthouses from which the data for the present
report have been obtained are generally situated above or immediately
adjacent to depths of about five to about fifteen fathoms. On the
whole, they may probably be rougWy said to be scattered along the
eight fathom contour, which has therefore been used as the measuring
line for their distances from each other (see p. 24).
During winter, the surface temperatures may generally be taken
to be representative of the entire column of water down to the bottom,
even in depths considerably greater than ten fathoms. According to
Bigelow (1927, pp. 636-667, figs. 70-73, 75, 77, 79, and 85-89) a
uniform temperature, that is, temperatures with a variation of less
0
than 1 C., will thus generally obtain from the surface down to 40
meters' depth or more in all regions of the Gulf of Maine and Massachusetts Bay, from about. the middle or end of October to around the
middle of March; and the thickness of this uniform layer will in many
localities reach to a magnitude of even 100 meters or more at least
during part of this period (Bigelow, 1927, pp. 663-667, figs. 86, 87

-., . . .
-

--.

1933)

SlId &
i1Juthel
(1932,
even 01
fathom
the UPI

Sinet
the~

pi
bottom
therefOl
the aun

fairlytl
thesUID
that the
e~ablia!

deeper I!
extend a
stations .
surlace t
anydire[

observati
tions lie

temperat
fue uppe
as tbe M

~ations :

tlleen BUJ
orerwhel
too rare,l
ieneral C(
lore take
thetemPl
within (hi

ISochBtr

~i tempol

rhen ilie w
OIduilieu

1lIioo or m

1llVi1iioh

1933]

l":I
j

't!!

Parr: Temperature Conditions Along the Atlantic Coast

11

and 89). According to various midwinter observations from the
southernmost part of the Middle Atlantic region compiled by Pearson
(1932, table 1, p. 6) it would seem that uniform temperatures may
even obtain from the surface as deep down as 200 meters (over 100
fathoms), and differences greater than 2° F. are not recorded within
the upper 20 fathoms.
Since many of the lightships and lighthouses, in accordance with
their purpose, are placed in locations where the topography of the
bottom must cause a comparatively high degree of turbulence, and
therefore a fairly complete vertical mixing, it seems probable that
the surface layer of uniform temperature must on the average remain
fairly thick in the immediate environment of these stations also during
the summer period. It would not be reasonable to assume, however,
that the vertical mixing should be sufficient to completely prevent the
establishment of an effective discontinuity layer, or thermocline, at a
deeper level at any of our stations, where uniform temperatures do not
extend all the way to the bottom, with the possible exception of the
stations within the Cape Cod-Nantucket Shoals area. Since only the
surface temperatures have been recorded we do, however, not have
any direct evidence as to the accurate depth for which each individual
observation may be taken to be representative. From other observations we may, on the other hand, learn that although a significant
temperature difference may occasionally be found to exist even within
the upper five fathoms of water in such more or less protected regions
as the Massachusetts Bay (Bigelow, 1927, table 17, pp. 1010-1011,
stations 31, 32 and 38, cruise 14, with more than 2° C. difference between surface and 10 meters), it is safe to assume, on the basis of an
overwhelming majority of all records, that such conditions will be
too rare, too strictly localized, and of a too short duration4 to be of any
general concern to us at this point. As a" general rule, we may therefore take it for granted that no biologically significant deviation from
the temperature at the surface will, on the average, be found to occur
within the upper five fathoms of water, and the surface temperature
• Such stratification close to the surface should probably be most liable to develop
as a temporary condition during periods of calm weather at the time of the year
when the annual surface temperature curve has just completed its steepest ascent
under the influence of vernal heating. The longer the season progreBBes from the
period of most rapid heating, the sli=er should grow the chance of finding any
survival of such conditions within the layers nearest to the surface.

... , ./1
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readings may therefore, on the whole, be considered to be directly
representative of conditions down to a depth of at least 5 fathoms
also during the warm season.
Below the five-fathom level, however, the deviations from the surface temperature during the summer months will undoubtedly most
commonly be of a magnitude which will not permit us to regard our
surface readings as direct evidence of the temperature conditions
obtaining at that time in, say, 7 or 8 fathoms depth. Nevertheless,
the surface temperature curve may to a certain extent be regarded as
an indicator of the thermal development of the entire epithalassa
(i. e., the warm surface layer found during the summer), and, in dealing
with averages only, it may be reasonable to assume, as a working
hypothesis, that there will be a fairly definite correlationship between
the general temperature level reached at the surface at any given
time during the warm season and the average temperature simultaneously obtaining at any level below the surface down into the upper
range of the thermocline,5 that is, to an average depth of probably not
less than 10 fathoms during any part of the year. Until temperature
readings from the deeper levels should become available on a similarly
adequate scale as the surface records already obtained, it may therefore still be useful to consider the average association in time between
the temperature development at the surface and tae biological processes occurring also within the lower half of the upper 10 fathoms of
water, although the actual temperatures under which these processes
occur may be significantly lower than those read at the surface as a
general indication of the seasonal stage reached by the entire epithalassa.
The local variations in the thickness of the surface layer, however,
give rise to the question as to how these variations will influence the
temperature at the surface itself, and as to which type of condition
should be used as a basis for our consideration of geographical temperature relationships to give the ecologically most significant results.
In regard to the first question, it would, of course, seem logical to
assume that the development of a thermal stratification with increased dynamic stability close to the surface must serve to limit the
vertical distribution of the heat absorbed mainly in the upper layers,
Theoretically such a correlationship might, of course, ceteris paribus, be expected
to extend throughout the entire range of the thermocline down to the upper limit
of the hrIJothaiassa.
I
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thereby causing the surface temperature to become higher than in
regions where the stratification only ,develops at deeper levels. From
an analysis of available data it might be possible to obtain an approximate idea of the probable significance of the variations in surface
temperature caused in this manner. For such an analysis to be
feasible, however, it is necessary that the observations should have
been made: 1) within a sufficiently short period of time to enable us
to regard them as practically simultaneous so far as seasonal influences
are concerned; and 2) within a sufficiently small area to discount the
possible effects of geographical factors. In spite of these limitations,
the records must furthermore 3) show a sufficient amount of variation
in regard to thermal stratification within the depths with which we
are here concerned to make any correlation which might exist between the surface temperature and the character of the stratification
beneath become distinctly apparent in the observations. It is naturally not often that a set of data is obtained which will fulfill all these
requirements at once, but two series of observations in Massachusetts Bay reported by Bigelow (1927, table 13, p. 995 and table 17,
pp. 1004-1011) are in sufficiently good accordance with our demands
to warrant some further consideration here. Bigelow's data are presented graphically in the accompanying Figure 2. In the lower part
of this illustration the temperature curves at the various stations are
drawn in the conventional manner, the vertical scale representing
depth in meters, the horizontal scale, temperatures in degrees Centigrade. Already in this presentation it immediately becomes evident
that the fluctuations in surface temperatures are not nearly as great
as the variations at the deeper levels within the upper 10-15 fathoms.
In the Fish Hawk records the surface temperatures fluctuate only
within a range of about 3.5 0 C., whereas the variations at 10 meters'
depth cover about 60 C. and at 20 meters' depth about 7.5 0 C. In the
Halcyon records the ranges are likewise about 3.5 0 C. at the surface,
about 50 C. at 10 meters, and about 6.5 0 C. at 20 meters' depth. The
surface temperatures thus show a much greater uniformity than do
the temperatures in the lower half of the upper ten fathoms of water
in the Massachusetts Bay according to these data. From the upper
portion of our Figure 2 it is furthermore evident that there is absolutely no correlation between the relatively small variations which do
occur also at the surface and the character of the temperature conditions below. In these two diagrams the horizontal scale represents
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Fig. 2.-Temperature conditions In Massachusetts Bay as observed by tbe Halc1J()TI during
August 2()-'22, 1922 and by tbe Fish Hawk during June 16-17, 1925, according to data published by Bigelow (1927, table 13, p. 995 and table 17 [cruise 141. pp. 1004-1011). LOWER
SECTION: temperatl11"e Cl11"ves for each individual station. * Horl2ontal scales represent temperatures In degrees Centigrade. Vertical scale depths In meters. UPPER SECTION. Left:
Deviation of surface temperatures at Fish Hawk stations from the average (13.2° C.) for stations 29, 35, and 36, with almost uniform temperatures from surface to 20 meters depth,
plotted against temperature di1ference between surface and 20 meters depth at each station.
Right: Deviations of surface temperatures at Halcu()TI stations from their total average (17.40
C.) plotted against the temperature difference between surface and 18 meters depth (10
fathoms) except where a shoaler depth Is indicated by a number (13-15 [meters]) at each
entry. Temperatures at 18 meters obtained by Interpolatlon,t when not directly observed,
where temperatures above and below were recorded.

* The temperature curves for the three Fish Hawk stations (29, 35, 36) which form
the basis of comparison in the left upper diagram have been rendered in bold solid
lines below, the curves for the stations in the inner and southern part of Massachusetts Bay (see fig. 3) in light solid lines, the curves for the stations in the northern
and outer part of the Bay with dot, or two dots (3,37,38). and dash.
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the difference in degrees Centigrade between the temperature at the
surface and in 20 meters (Fish Hawk), or 13-18 meters (Halcyon)
depth at each separate station; while the vertical scales represent the
deviations, in degrees Centigrade, of the surface temperatures from
the average of all surface temperatures in the case of the Halcyon
records, or from the average of the surface temperatures at the three
stations (29,35, and 36), at which a practically uniform temperature
was found to obtain from the surface down to 20 meters' depth, in the
case of the Fish Hawk data. Where the difference between the temperatures at the surface and at the deeper levels is greatest, the vertical
stability of the water should also be greatest; and the vertical dispersal by mixing of the heat absorbed mainly in the upper layers
should be least. According to our assumption on page 12 concerning
the probable influence of vertical stratification upon surface temperatures, we should therefore expect to find an increasingly positive
deviation of the latter with an increasing temperature difference between the surface and the deeper layers. In our two correlation diagrams for the Fish Hawk and Halcyon records there is, however, absolutely no indication of any such relationship. It is, on the contrary,
quite clear that the surface temperatures in Massachusetts Bay, at
least on the occasions when these observations were made, distribute
themselves evenly around their average, or around the average surface temperatures above an unstratified layer of 20 meters' thickness,
regardless of the degree of thermal stratification found in the upper
10 fathoms below the surface. This rather unexpected revelation
becomes even still more obvious when we consider that the Massachusetts Bay at the time of the Fish Hawk observations was apparently
divided into two geographically differentiated temperature regions as
In the case of the Halcyon records, there is only one observation of the temperature
in 9 meters depth (5 fathoms), at station 10633, showing a difference of only _0.1 0
C. from the surface temperature at the same station. For the other stations from
which such data are lacking, the temperature curves rendered in fig. 2 have been
drawn on the aaaumption that there is a decrease of only 0.2 0 C. from the surface
down to a depth of 5 fathoms. While this may not give an accurate picture of the
actual temperature curve in any particular case, it will undoubtedly give more
nearly correct interpolations of the temperatures at 18 meters depth than would a
straight-line connection between the surface observations and the data for deeper
levels, as the latter type of curve would assume a complete absence of any layer of
uniform temperature at all, and would thus give too low values for all intermediate
depths.
t See second paragraph of footnote ., above.
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shown in Figure 3. In the inner and southern part of the bay the
surface temperatures were all higher than in the outer and northern
portion, the distinction between the two regions being quite sharp, as
one may see both from the lower part of Figure 2, where the temperature curves end in two separate bundles around 13° and around 15° C.,
respectively, and from the upper diagram where the data for the inner
,and southern part of the bay form a separate group from the others.
If, in view of this subdivision, we compare the surface temperatures for
each region separately with their own averages (12.7° C. and 15° C.,
respectively) it becomes even more strikingly apparent than before
that there is not the slightest indication of a positive correlation between surface temperatures and degree of thermal stratification, either
in the outer and northern region or in the inner and southern part.
It might, on the contrary, be said that there is in both regions a faint
suggestion of a decrease in surface temperatures with increasing temperature difference between the surface and the deeper layers. Exactly
the same state of affairs is also seen in the Halcyon data, and the
relationship is perhaps also in this case rendered more distinct by a
comparison with an average (at 17.8° C. instead of 17.4° C.) from
which the two lowest surface temperature values (below 16° C.) have
been omitted. From these observations it would thus seem as though
the variations in the thermal stratification beneath the surface has
had no significant influence upon the temperature at the surface itself,
and hence upon the representative value of surface temperatures taken
at any particular point regardless of local variations in the thickness
of the surface layer. It is, of course, obvious that the lack of any correlationship between surface temperatures and stratification in the
Massachusetts Bay on the two occasions for which we have records
available is quite likely to be due to special hydrographic conditions
obtaining in this area at these times. It is also clear that the material
would under any circumstance be quite inadequate to permit any
generalization of our findings. But the fact remains that the available
records which seemed best suited to give us some inkling as to the
general magnitude of the influence of local variations in stratification
upon the surface temperatures above have utterly failed to show us
that there is any such influence at all. The writer is not at the present
time aware of any other set of records from the Atlantic coastal waters
of the United States which sufficiently fulfills our three requirements
of simultaneity or subsimultaneity, proximity, and variety to enable
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us to pursue the question further; but it would be of interest to have
such data gathered and treated statistically with a view to determining
the average relationship in marine waters between surface temperatures and local variations in the thickness of the surface layer. While
an analysis of this sort would probably not have any meaning for the
dynamic oceanographer it would be of great value to general marine biogeography which, of necessity, will always have to deal with averages,
probabilities, and generalizations for large areas and long periods,
while dynamic oceanography attempts to be specific and restricted in
its discussion of individual phenomena and processes.
From the scanty evidence considered in the preceding we thus have
no cathegorical reason for assuming the existence of any systematic
bias in favor of lower temperatures in the summer records from the
lightship and lighthouse locations in the waters with which we are
here dealing, and the author feels confident that even if further investigation should serve to reveal the presence of some slight bias of this
kind, it will not be of sufficient magnitude to have any significant
influence upon the conclusions drawn in this report or upon the uses to
which the charts and diagrams here presented may be put in the study
of the problems of marine zoogeography and ecology.
Our conclusion in the preceding paragraph may be further strengthened by a consideration of which type of location would furnish the
most significant data for our biological studies in the case that a
difference in surface temperature according to the thickness of the
surface layer had been found to exist. Our interest on this point
relates particularly to the problems of the migrating forms. During
the period of rising temperature a migrating form moving northward
can always avoid and circumvent an area of too high temperatures by
a detour through deeper water, but there would be no escape in this
manner from a region of low temperature. Inversely, during the' cold
season of the year it will generally be possible for the southward
migrating forms to circumvent the coldest spots by resort to deeper
water but there would be no way of avoiding a high-temperature area.
The important points of passage would, therefore, be the locations
which would show comparatively low temperatures during the summer and comparatively high temperatures during the winter;O and
We are here 888Uming the low, respectively high, temperatures to extend right
&CrOBB the shallow water belt, and are not considering the problems of the comparati~ely few <though economically important) purely pelagic forms, for which an
anaIYB18 of the shallow water conditions alone is of course quite inadequate.
8

1~1

Parr:

~~1 oorre~

\UJllsno tbe
~urin! tne Sill
looDisin just

(iili,sucb 8S

dine u!lltbn
I~ncolleetet

~aU!lltnnill

~illla~c81 et
s!ystem8
IDalena iIifi'
~J8ture reli

01

~IDCilat8 w

I~rtllis preil

Inreg810
IDoecoln~(

1

mino tnst t

~ied nn gl

~lt\Bnt the
~time,

1

rtuilies8S~

IDomr8~

renle to st
must be 0\
al~ be ren

inlenoed t
liloptnco
18tel1i8)'l
Iintel,8n
P,lrom tl
Inoll.

~umm8
rurlaceli
lions, we

kyeroh

oUting tl

~ha\lS
~rature

may inc

1933]

~

"

,I

n

::I,

:':1

...J

Parr: Temperature Conditions AloT!{/ the Atlantic Coast

19

if any correlation should be found to exist between surface temperatures and the thickness of the surfac'e layer, the lowest temperatures
during the summer and highest during the winter should be expected
to obtain just in those regions where a relatively great turbulence prevails, such as the locations of many of the lightships and probably all
of the lighthouses, from which the material for the present report has
been collected. For the purpose of migration studies, these lightships
and lighthouses would, therefore, under any circumstance have been
our logical choice for bases of observation, The presence or absence
of a systematic bias of the nature here considered would, therefore,
make no difference to us in our presentation of the geographical temperature relationships with which we are here concerned since the
same data would, for logical reasons, have to be selected as the basis
for this presentation in either case.
In regard to the problems of the stationary populations in particular,
and ecological studies in general, it must always be kept strictly in
mind that the various temperature charts presented in this report are
based on generalizations and averages only, and do not purport to
present the actual temperature at any particular point at any particular time. The charts are, therefore, applicable only to such ecological
studies as are also in their biological aspect dealing with generalizations
and averages, and with geographical comparisons, but are not applicable to strictly local problems, for which local temperature records
must be obtained and consulted in all cases. It should furthermore
also be remembered that even as generalizations, our charts are only
intended to present the temperature conditions in shallow water off
the open coast, and that the temperatures observed in bays and inland
waterways are generally higher during the summer, lower during the
winter, and may, under special conditions, vary as much as nearly 20°
F. from the temperatures in the corresponding locations off the open
shore.
Summarizing our conclusions with regard to the significance of the
surface temperature records from the lightship and lighthouse locations, we have found that they will generally be representative of a
layer of uniform temperature of about 10-50 fathoms' depth, or more,
during the winter. During the warm season the surface readings may
perhaps not be considered directly representative of the actual temperatures down to an average depth greater than 5 five fathoms, but
may indirectly be regarded as indicative of the stage of seasonal de-
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velopment reached by the entire epithalassa, i. e. within at least the'
upper 10 fathoms of water. The possibility that the lighthouse and
lightship records might be biased in favor of lower temperatures during
the summer and higher temperatures during the winter, in comparison
with other, less turbulent, stretches of the shallow-water zone has been
considered, but the few available data having a bearing upon this
problem have rather tended to disprove the existence of any such relationship, and it has furthermore been pointed out that the more
turbulent locations would, particularly if such a relationship should
exist, be the ones to provide us with the most significant records for
our biological considerations.
For those accustomed to steeper coasts and deeper water immediately adjacent to the shoreline temperature records representative of
a depth of only ten fathoms, or even somewhat less during the summer,
might seem insignificant for any comprehensive consideration of the
migrations or general biology of any type of living organism except
the sessile bottom invertebrates. Under the special topographic conditions of the Atlantic coast of the United States south of Cape Cod,7
however, the shallow-water belt from the mean lower tide level down
to the ten fathom contour assumes a far greater importance than usual,
having an average width of slightly more than 10 miles over the entire
thousand-mile stretch- from Cape Cod to Cape Canaveral, Fla., thus
covering an area of more than ten thousand square miles between
these two points. 8 It is furthermore within this extensive shallow
water zone that by far the JIlost important summer fisheries along the
North of Cape Cod the shallow-water zone is topographically and ecologically
somewhat lees important, but the surface temperature records are still of great
interest to the biologist.
• Measured along the outer coastline.
• The following are the rough estimates of approximate lengths, average widths
and areas of the various sections of the shallow water belt inside of the lo-fathom
contour between the eastern end of Long Island (Montauk Point) and Cape Canaveral, Fla. All measurements in miles and square miles.
Average
Length
width
Area
Section
70
1.5
Montauk Pt., Long Island, N. Y. to Fire lsI., N. Y.
105
90
4.5
Fire lsI. to Little Egg Inlet, N. J.
405
165
10.0
Little Egg Inlet to C. Charles, Va.
1,650
33
14.0
C. Charles to False Cape, Va.
462
86
4.5
False Cape, Va. to C. Hatteras
387
444
6.8
Montauk Pt. to Cape Hatteras
3,009
7
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Middle and South Atlantic Coast of the United States take place.
Apart from the flounders and such pelagic or semipelagic species as
the mackerels, menhaden and bluefish,l° only comparatively quite
insignificant quantities are, on the whole, caught beyond and below
the ten fathom contour during the warm season, the bulk of the catch
being actually obtained from traps situated in only about 5 fathoms
depth or less. There is thus a considerable amount of evidence to
suggest that several of the ecologically dominant and commercially
most important species of fish, particularly of the family Sciaenidae
(Weakfish, spot, croaker etc.) may have a natural inclination to stay
close to the shoreline during the summer.
During the winter there is undoubtedly a general tendency to seek
to slightly deeper wa~er, but during this period our surface temperature records will also be in a general way representative of conditions
down to a greater depth.
PREPARATORY TREATMENT 01' DATA

To reduce the mass of data to a form in which they could be handled
without too great inconvenience, the average temperatures for every
five days throughout the three-year period 1928-30 have been calculated for each station, a new series of five-day periods starting from
Length
62
84
68
106
80
50
95
545
989

Average
width
4.5
10.5
20.0
16.5
22.5
12.0
10.0
14.0
10.7

Section
C. Hatteras to Cape Lookout
Cape Lookout to Cape Fear
C. Fear to Winyah Bay
Winyah Bay to Savannah
Savannah to Fernandina, Fla.
Fernandina to St. Augustine, Fla.
St. Augustine to Cape Canaveral
Cape Hatteras to Cape Canaveral
Montauk Point to Cape Canaveral

Area
279
882
1,360
1,749
1,800
600
950
7,620
10,631

Inshore bays and waterways such as Pamlico Sound, Sandy Hook, Barnegat,
Delaware and Chesapeake Bays etc. are not ijlc1uded in these estimates, and the
figures above rendered therefore represent minimum values for area and average
width of the various sections of the shallow water zone.
I. A considerable quantity of these species, perhaps the major portion even in their
case (flounders and mackerel excepted?), is, of course, actually obtained within the
ten fathom contour. Scup and sea bass do, on the other hand, also form a regular
part of the co=ercial catches landed by ottertrawlers working in greater depths
(usually about 8 to about 20 fathoms).
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the first day of each calendar year. In this manner the tables were
condensed from more than seven hundred single entries in the original
records to only seventy-three figures for each station in each year.
The seventy-three entries for each station in each year were then
plotted graphically on squared paper and an annual temperature curve,
smoothed by hand, was drawn for every year and every locality. The
samples given in the accompanying illustrations (Fig. 4) will probably
serve to show that the amount of smoothing applied to the curves has
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not been in excess of what was reasonably required and justified, and
that care has been taken not tu obscure any really significant deviations.
The five-day averages and the annual temperature curves thus obtained have formed the basis for all our further considerations of the
temperature records with which we are here dealing.
In Rathbun's temperature charts the annual curves are already
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based upon ten-day averages and no further treatment of his data has
therefore been required for the purposes of the present report.
Since Rathbun's data as well as the records from recent years have
all been rendered in degrees Fahrenheit and since this is the temperature scale with which the fishermen and the practical investigators of
these waters are most familiar and which they are most apt to use, it
has been found convenient and advisable to retain this form of expression for the temperature data discussed on the following pages.
A table for conversions to degrees Centigrade is given at the end of this
article.
PRINCIPLES AND METHOD

t::
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PRESENTATION

One of the most urgent needs of the marine biologist engaged upon
the study of the zoogeography and ecology of the shallow water zone,
particularly in regard to the problems of its migratory populations,
is that of a clear and unified picture in which the seasonal changes in
environmental conditions are shown at once in their relationships both
to time and to geographical location. Various methods of achieving
this purpose seem possible, and among these chiefly two may require
our further consideration here. By both methods we are mainly concerned with the problem of how to present geographical location and
distances in the manner which will give the greatest general validity
to the conclusions which we might derive from our consideration of the
relationship between environmental conditions, represented in this
case by the temperature, and the time and location of the biological
processes going on in the sea.
The method which at first thought might seem to present our data
in the simplest and most generally significant manner would be that
of projecting our observations to a single meridian, so that our
figures, in other words, would correlate temperature, time, and latitude,
but would leave the actual location and the true distances between the
points of observations entirely out of consideration. This method of
presentation might possibly be useful for hydrographical considerations, if we intended to bring out any direct influence from astronomical factors, chiefly from the variations with latitude in the relative
position of the sun at different times of the year. For biological purposes, however, this form of presentation would probably prove less
useful because it does not deal with the real conditions of the shallow
water zone, but projects the environmental factors of this region to
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hypothetical positions, which have no relations at all to reality and to
the location of the organisms living under the observed conditions.
Similarly, the actual temperature gradient, which might be supposed
to govern the movements of the migratory forms of the shallow water
belt, would be greatly distorted by projection to a single meridian,
since the interval between isotherms would be foreshortened as the
deviation of the coast line from the meridian increases. The migrating
animals, however, are, of course, only concerned with the gradients
they encounter in the path of their migrations. This, and not the
hypothetical gradient according to latitude, would therefore give us
the features which should be most important in our biological considerations of the migratory forms.
The ideal requirement would be to have the seasonal fluctuations
in environmental conditions, both in regard to temperature and to
other factors, plotted against actual distances along the true route of
travel of any particular species we might want to consider, regardless
of whether this would extend our line of measuring from the depths
to the surface, or vice versa, or on a horizontal level; whether along a
meridian, or a coast line, or in intermediate waters;' whether the line
would be straight, or curved, or even involute. Only from data correlated in this manner will it be possible to arrive at any definite and
final conclusion concerning the significance of each particular factor in
determining the movements of the migratory species.
Without adequate information as to the true route of travel of any
particular species it seems most probable that the gradients determined along the shallow water belt itself would be of the greatest
general significance for the movements and general biology of the
inhabitants of this ecological zone. The illustrations accompanying this report, to show the temperature conditions in the shallow
water zone along the Atlantic Coast of the United States, have
therefore been drawn according to true distances along the eight
fathom contour,ll in the manner that the intersection points between
the annual temperature curves for each separate locality in each year
(see p. 22) with the abscissae for each two degree's temperature
(Fahrenheit) have been entered on the position line of the respective
lighthouses and lightships, and the isotherms combining corresponding
The eight fathom contour has, of course, not been followed into the various bays
such as the Chesapeake and the Delaware, but only along the open coast and from
point to point across the entrances of these bays.
11
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temperature points on these various station lines have then been
drawn in the simplest way permitted by the data. When graphs of
this sort are prepared there will frequently be a. choice between two 'Or
even three different ways in which equa.l temperature points cou1.d
logically be combined with each other, the question generally being
whether they should be combined by one continuous, and then very
sinuous, isotherm or by one continuous isotherm and by one or more
closed isothermal rings suggesting the independent appearance on
repeated occasions of water of this particular temperature in the
special locality considered. In most cases, the question of how to
draw the isotherm is definitely decided by the consideration of the
records from more than two stations at a time. Thus, for instance, the
data. from Gloucester and from Boston Bay might show the presence
of temperatures as high as 66 degrees F. or more simultaneously with
similar temperatures between Fire Island and Brenton Reef, indicating
a. possible temperature continuity between these two areas which,
however, would be disproved by the failure of the temperature curves
at the two intermediate stations of Pollock Rip and Nantucket to
reach to the same high level. Special details applying to the drawing
of each particular figure will be given in their legends. Generally it
might be said that almost no smoothing at all has been applied to
these figures except on certain occasions when t4e Goucester records
have not even been in agreement with the records from Boston, and
when the special conditions observed at Gloucester may therefore be
assumed to have been so strictly local in nature as not to require any
further consideration here.
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TOPOGRAPHICAL CONSIDERATIONS

The continental shelf along the Atlantic Coast of the United States
is naturally divided into three separat~ sections. A southern section
from The Straits of Florida to Cape Hatteras; the Middle Atlantic
section between Cape Hatteras and Cape Cod; and a northern section,
or the Gulf of Maine, north of Cape Cod.
Southern and Middle Atlantic Regions.-In the Southern and Middle
Atlantic Sections we recognize two areas of essentially the same topographical character, separated from each other by the constriction
of the continental shelf in the prominent region of Cape Hatteras.
Each section consists of a wide crescent bight with a generally sandy,
smooth and even bottom, and sandy or marshy shores. In the cen-
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tral portion of each section the continental shelf attains to a very
great width; about 75 miles off the coast of Georgia in the southern
section and about 90 miles off northern New Jersey and western Long
Island in the Middle Atlantic section, the width being reckoned to the
100 fathom contour. In the southern section the width of the shelf
gradually tapers away in both directions, being reduced to only about
nine miles at Jupiter Inlet, Fla., which may be regarded as the southern
limit of this region, and to about 19 miles in the region of Cape Hatteras at the northern end. North of Cape Hatteras the shelf again
expands very gradually into the bight of the Middle Atlantic section,
which extends in a North-easterly direction to the shoals of Nantucket
and the prominence of Cape Cod with the adjacent islands.
Cape Cod-Nantucket Shoals Area.-While the boundary region of
Cape Hatteras, separating the Southern from the Middle Atlantic
section, is of a topographically very simple character, the region of
Cape Cod and Nantucket Shoals, separating the Middle Atlantic
Coast from the Gulf of Maine, is of a far more complicated nature
and may therefore require some further consideration here. As the
accompanying outline chart (fig. 5) will show, this boundary area
offers the possibility of at least two topographically separate paths for
the passage of migrating forms in either direction, namely through
Nantucket Sound, by the inner route, or over Nantucket Shoals on
the outside. Entrance or exit from Nantucket Sound to the Westward might be effected through several different openings, particularly Vineyard Sound and Muskeget Channel, but since there is only
one opening from Nantucket Sound to the eastward (and northward)
towards the Gulf of Maine the question of the possible western entrances or exits remains a purely local problem which need not concern us here. The entire inside route can therefore be dealt with as a
simple path, judged on the basis of conditions at its eastern opening,
in our consideration of the possible passages from the Middle Atlantic
region into the Gulf of Maine. Two problems then confront us.
First to attempt to determine whether there would be a biologically
significant difference in the conditions encountered along the inside
or outside routes at any time of the year. Secondly to make a selection of one of these routes as a basis for our graphical presention of the
annual temperature cycles in the shallow water zone since the two
routes show a considerable difference in length which would be reflected
in the vertical scale of distances in these graphs. In the accompanying
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figure 6 the temperature conditions observed at Pollock Rip and at
Nantucket Lightship are exemplified above by the unsmoothed annual
curves, on the basis of five day averages, for the year 1930 and sum-
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FIg. 5.-outline chart of the region of Cape Cod and Nantucket Shoals, showing the new
and old poBition of the Nantucket Lightsblp and the locations of the other lightships from
which records have been obtained from tbls area. The thin solid line over tbe Nantucket
Shoals indicates tbe outline of tbe cold water area In this region (57.2°-60.8° F.) according to
Bigelow (1927, Ilg. 46, p. 587), the thin broken Une with hatchings representing another
possible outline of the same according to tbe suggestions made on page 26 In the Pre&ellt
report.

marized below by the average annual curves for the periods 1881-85
(Rathbun's date) and 1928-30. It is at once apparent from the upper
curves in this diagram that conditions in regard to temperature may
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Fig. 5.-Temperature curves for Pollock Rip (dot and dasb) and Nantucket (solid lines) Lightships. Upper diagram: Unsmoothed
curves on tbe basis of lIve-day averages for tbe year 1930. Scale in degrees Fahrenheit at the left. Lower dial/ram: Smoothed curves
in heavy lines and dot-and-dash based upon ten-day averages for the live-year period 1881-85. according to Rathbun's data. Light unsmoothed temperature polygons based upon 2O-day averages for the three-year period 1928-30 (original data). Scale in degrees Fahrenheit at the right.
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be widely different in the two localities here compared at any given
time. Towards the end of June 1930 we find the surface temperatures
at Nantucket Lightship about ten degrees higher than at Pollock Rip,
but towards the end of July in the same year this relationship has
reversed itself and we now find the temperatures at Pollock Rip about
six to eight degrees higher"than at Nantucket. There is thus nothing
constant or permanent either in the direction or in the magnitude of
the temperature differences between these two localities. Passable
temperatures may be encountered at Pollock Rip while impassable
ones obtain at Nantucket Lightship, and vice versa, but if we study
the curves of averages for the period 1928-30 in the lower part of our
diagram we see that the chance of passage with any given temperature requirement would be exactly the same at both points. When
the irregularities which still remain even in the curve of twenty-five
day averages for Nantucket Lightship are smoothed by a moving
average of three the resultant curve does not at any point deviate by as
much as one degree Fahrenheit from the average curve for Pollock
Rip during the same years.
In the average curves for 1881-85 obtained from Rathbun's temperature charts (Rathbun 1887. Ocean Temperature Charts No. 18
and 19) there is a consistent difference between Pollock Rip and Nantucket Lightship in their old positions, the average surface temperatures in the former location being invariably somewhat lower than in
the latter. This difference first appears in the beginning of July and
reaches an average magnitude of about two degrees Fahrenheit during
that month. During the subsequent months it slowly increases as
shown in the smoothed curves to about three degrees Fahrenheit at
the end of September and beginning of October, whereafter it again
decreases to about two degrees Fahrenheit at the end of October and
about one degree Fahrenheit in the first days of December.
Since the available data for this report have thus either failed to
show any significant difference between the average temperatures at
Pollock Rip and at Nantucket Lightship, or shows a difference which
would only be in accordance with the geographical sequence of the
stations under any arrangement, it was decided to include the Nantucket records in our temperature charts (figs. 8-11 and 13-14) and to
measure the distances around the outside of Nantucket Island since
this gives the best spacing and most natural arrangement of the stations on our vertical scale of distances, and therefore also provides the
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clearest picture of the temperature relationships with which we are
here concerned.
It should always be kept in mind, however, that the proper temperature at Pollock Rip might make it possible to pass from the Middle
Atlantic region into the Gulf of Maine by the inner route through
Nantucket Sound, while passable temperatures southeast of Nantucket
Island would require to be simultaneously or subsequently supplemented by similar temperature conditions at Pollock Rip to make
possible the completion of an outside passage so far as migrations
within the shallow water belt are concerned. Temperature conditions
at Pollock Rip may therefore have a special significance for our considerations independent upon the temperatures obtaining at Nantucket Lightship, whereas no such independent significance attaches
to the latter. For this reason fig. 12 on page 43 has been drawn to
indicate the temperature conditions for an inside passage from the
Middle Atlantic region to the Gulf of Maine, by way of Nantucket
Sound for each of the three years 1928-30 in so far as these conditions
are revealed in the records from Brenton Reef, Pollock Rip, Boston
and Portland. A comparison with figures 8-10 will show the difference
in the possibilities offered by the inside and by the outside routes
for passage at a certain minimum temperature. It will be noticed
that there is perhaps a general tendency for a somewhat better, and
longer lasting, chance of passage at 60° F. or higher to develop along
the inside route than around Nantucket Lightship (see page 44). This
difference is not due to higher summer temperatures at Pollock Rip
than at Nantucket, but to the requirement of double coincidence, or
reasonable sequence, of the higher temperatures at Nantucket both
with those of the Middle Atlantic stations and with those of Pollock
Rip, when the outer passage is considered. In the case of the inner
route the summer temperatures will, on the other hand, always be
higher on both sides of Pollock Rip, due to a generally higher level of
temperatures along the Middle Atlantic Coast to the westward and
southward, and to the special effectiveness of the vernal heating in
Massachusetts Bay to the north, so that a relatively high temperature
at Pollock Rip will always, ipso facto, establish the possibility12 of a
IS

A poBBibility

80

far as our ava.ilable evidence goes. Reservations must always

be made for our lack of knowledge about simultaneous conditions in the regions

between our points of observation. But this reservation will always be applicable
to our considerations, however densely we might arrange our stations, and it is
therefore not an argument against our conclusions, but merely a reminder of their
limitations.
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complete passage at this temperature or higher at least to the waters
of Massachusetts Bay. Thus in 1929 a temperature of 60° F. or higher
occurred at Boston, at Pollock Rip and at Brenton during July, and
established a temperature continuity by the inside route towards the
end of that month, whereas 60° F. or higher did not occur l ' at Nantucket Lightship until the end of August, when the temperature at
Pollock Rip was less than 58° F. and remained lower for the rest of the
season, so that a temperature continuity at 60° F. along the outer
route was not established at all duri.ng this year.
In connection with our discussion of the possible differences in the
relative significance of the inside and outside passages through the Cape
Cod-Nantucket Shoals boundary region it is importan,t to mention the
frequent occurrence, or possibly permanent presence during the summer, of a cold area of upwelling water southeast of Nantucket Island,
which was brought to the writer's attention in this connection by Dr.
Bigelow, who was also the first to describe the phenomenon (Bigelow
1927, p. 594). The outlines of this cold area over Nantucket Shoals has
been entered in our figure 5 in accordance with the chart rendered by
Bigelow (1927, fig. 46, p. 587). It will be noticed that the area is shown
to include the old, but not the new, location of Nantucket Lightship
and it was therefore expected that a comparison of the recent records
from Nantucket Lightship in its new position, well apart from the
center of upwelling, with Rathbun's data from the old location might
serve to shed some light upon the importance, extent, constancy, or frequencyof occurrence, of the cold water at the surface over Nantucket
Shoals. As a glance at figure 6 will show there does, however, not
appear to be any significant difference between the surface temperatures in the two locations, at least not in the expected direction, in so
far as the records from these two separate periods are really comparable with each other. If the data for recent years are smoothed by a
moving average of three l4 it would, as a matter of fact, seem as
though the surface temperatures during the summer months maintained an average about 1°F. higher in the old location of Nantucket
Lightship than in the new. A comparison of our own records with
Rathbun's data does therefore not contribute much to the elucidation
of our problem except to the extent of rather definitely indicating that
In the five-day averages.
,. Making the Nantucket curve for 1928-30 practically indistinguishable from the
Pollock Rip curve for the same period throughout the warm season (see page 29).
11
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the surface temperatures in the old location has not been under any
stronger influence from the upwelling of deeper water over Nantucket
Shoals than are the surface temperatures at the lightship in its new
position today. If temperatures of less than 16° C., or 60.8° F., at the
surface during August are indicative of such influences, however, as
shown in Bigelow's chart, we furthermore find that both the old and
new locations of Nantucket Lightship, and Pollock Rip as well, must be
included within the average boundaries of this cold area since the
peaks of the smoothed average curves for all of these locations fall
below this limit, both during the period of 1881-85 and during 1928-30.
The fact that the average summer temperatures in the old position of
the Pollock Rip Lightship were significantly lower than in the new
location of this station may also be taken to indicate that the old location must have been more completely within the boundaries of the
cold area, as suggested in figure 5. In Bigelow's chart the cold area
is defined by temperatures from 14 to 16° C. (= 57.2 to 60.8° F.), and
in Rathbun's data we find the five-year average for Pollock Rip
barely rising above the minimum of this temperature range. Both at
Pollock Rip and at the new location of Nantucket Lightship, however,
these low values represent the averages, only, of rather violently
fluctuating temperatures lO tending to show that these two stations are
probably normally situated at the northern, respectively southern,
boundaries of the cold area. In the temperature curves for the year
1930 there is an apparent tendency for the high. t.emperatures to al~er~ate. in thei~ a~pearance at Pollock Rip and'-at N ~nrucket Lightship,
mdlCatmg a shiftmg back and forth of the entire cold area, rather than
a contraction and expansion. Similar alternation is also indicated
in the curves for the earlier years, notably during June and the first
half of July, and again during September 1928, a~Mrom August (July?,
see figure 7) to the beginning of October 1929, as shown in figure 7.
But there are also cases of coincident occurrence of highs or lows in
both locations, suggesting that expansions and contractions of the
area of cold water may also take place. A most conspicuous instance
of simultaneous highs, indicating contraction of the cold area, may be
seen in the temperature curves for the last half of August 1928, while
This irregularity was also noticed by Rathbun in his temperature curves for
Pollock Rip and mentioned in his explanation of ocean temperature chart no. 19
(Rathbun 1887, p. 212), but was not found in his curves for Nantucket lightship in
its old location (see above).
16
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simultaneous lows are recorded for the last half of July during the
same year, for the first half of August 1929 and in the last half of the
latter month in 1930, It thus appears that both shifts and expansions
or contractions of the cold area may occur at different times, and the
hatched broken outline shown in figure 5 on page 27 might perhaps
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Fig. 7.-Unsmoothed temperature curves based upon t1ve-day averages for Pollock Rip
(broken Unes) and Nantucket Lightships (solid) during the summer periods of 1928 and
1929. Data for Nantucket Lightship missing for July, 1929.

best be said to represent the probable average range of the cold water
area, as indicated by average maximum temperatures of less than
60,8 0 F. (16 0 C.), while a distribution of the cold water such as that
indicated by Bigelow (1927, fig. 46, p. 587; see fig. 5 page 27 in the
present report) is very likely to occur in specific cases. In regard to
conditions at the old position of Nantucket Lightship it is very inter-
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esting to note that Rathbun (1887, Explanation of Ocean Temperature Chart No. 18, p. 210) found that" the temperature of the surface
water [was] much more equable [in this location] than at any of the
preceding stations north of the Florida Reefs." This observation
would seem to indicate that the old location must have been well
within the boundary of the cold area, beyond the range of the marginal
fluctuations, but the fact that the average summer temperatures
shown in Rathbun's diagrams for Nantucket lightship come very
close to the maximum for the cold area is rather in contradiction of
this conclusion. What the proper answer to this puzzle might be
must be left for the physical oceanographers to decide.
If a pool of cold upwelling water is always present at the surface in
the Nantucket Shoals region and the temporary appearance of higher
temperatures at Nantucket Lightship merely means that this pool has
contracted or shifted a little to the northward, then these occasional
high temperatures at Nantucket Lightship would not be of any significance for our discussion of the conditions offered by the outside
passage through this region, as the cold water would still be there to
block the path between Nantucket Lightship and Pollock Rip.u On
this basis the possibilities of the outside passage could better be
judged by the temperature-lows at Nantucket Lightship, with total
disregard for all higher values, siMe these lows might be assumed to
represent conditions which would always be found to obtain somewhere between Nantucket Lightship and Pollock Rip. The temperature barrier in the Cape Cod region (see page 44) would thus acquire
a much more formidable aspect, so far as the outside route is concerned,u than that shown in any of our graphs, but the loophole
through Nantucket Sound would still, so far as we know, be opened
II According to unpublished observations kindly made available by Dr. Bigelow,
it would seem that the maximum summer temperature in the central part of the cold
area will probably, on the average, not exceed 11 0 Centigrade, or only about 52° on
the Fahrenheit scale.
17 There are unfortunately no observations to show whether the cold area over
Nantucket shoals actually extends to the outer coast of Nantucket Island, or whether
it leaves an inner belt of warmer water immediately adjacent to the shoreline. Until
this question has been settled, one mUBt, of course, consider the poBBibility that such
a belt may exist, and may render an outside passage poBBible at somewhat higher
temperatures than those observed in the more central portions of the cold area.
The biological evidence from the summer distribution of the migratory species,
however, clearly point to the existence of an effective temperature barrier in the
region of Cape Cod.
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for passage into Massachusetts Bay every time a sufficiently high
temperature is to be found in the region of Pollock Rip. Our figures
8-11 and 13-14 would therefore also under these circumstances still
remain fully representative of temperature conditions along the inner
route, which is topographically just as accessible to the migrating
forms as is the outer passage. The usefulness of our charts thus
suffers no reduction due· to the development of these special conditions southeast of Nantucket Island, and it must suffice for the purposes of the present report to have called attention to their existence,
and to have shown their possible bearing upon our problems in this
manner.
Massachusetts Bay and the Gulf of Maine:-North of the boundary
area of Cape Cod and Nantucket Shoals18 we encounter topographical
conditions entirely different from those obtaining both in the Southern
and in the Middle Atlantic regions. While great regularity of contours prevailed in the two southern sections the contours both of the
shore line and of the isobaths for deeper levels become increasingly
complex and irregular as we proceed northward from Cape Cod.
Simultaneously the nature of the shores as well as the seabottom in
shallow water undergoes a change from that of the almost unbroken
1000 mile stretch of sand south of Cape Cod19 to an increasingly rocky
character, rocks both above and below water becoming generally
predominant over sand from northern New Hampshire northward.
Accompanying these changes in character is also a great reduction in
the average width of the shallow water zone as defined by the tenfathom contour. Due to the irregular contours already above mentioned accurate values are very difficult to obtain, but even in the
shallow Massachusetts Bay the average distance from the shore line
to the ten-fathom contour is certainly less than four miles, perhaps
even less than three, although a distance of about 872 miles may be
measured locally in the southeast corner of Cape Cod Bay. North
of Massachusetts Bay, from Cape Ann to Cape Elizabeth, Me., the
18 The southeastern boundary of the Gulf of Maine is completed by George's
Bank, extending about 180 miles to the ENE of Nantucket Island, as measured to
the 50 fathom contour. The Bank rises above the lo-fathom level only in scattered
and very restricted areas widely separated from the coastwise shallow-water belt
and need therefore not be included in our consideration of this ecological zone.
11 More accurately south of New York, the change already beginning to become
apparent along the coast of Southern New England between New York and Cape
Cod, while Cape Cod itself is again chiefly sandy.
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average width is certainly less than two miles, perhaps not over 1Y2;
and from Cape Elizabeth to the Bay of Fundy (Canadian boundary)
probably less than one mile. The numeroU,S islltnds and bays along
the torn coastline of Maine of course greatly increases the length of
the shallow water belt, thus compensating to some extent for its lack
of Width, but, even so, this torn area, land and sea included, may be
judged to have an average width not in excess of fifteen miles, when
the entire stretch between Cape Elizabeth and Passamaquoddy Bay
(Canadian boundary) is considered as a whole. Of this fifteen miles
wide strip, land (including islands) obviously occupies by far the
greatest area and water deeper than 10 fathoms occupies at least as
much, if not more, than the shallow water zone. If the shallow water
zone between mean low water level and the ten-fathom contour is
therefore considered to represent about one-fifth of the fifteen miles
wide strip, its actual dimensions are probably not minimized nor is
there reason to believe that they will be greatly exaggerated. On the
basis of these figures we arrive at the following rough estimates of the
probable area of the shallow water zone along the United States'
shore of the Gulf of Maine.

Section

Massachusetts Bay
Cape Ann to Cape
Elizabeth
Cape Elizabeth to
Canada
Totals

Approximate
Coastwise
length

Maximum possible
area within
10 fathom contour

Probable
area within
10 fathom contour

100 miles

400 sq. miles

300 sq. miles

80 miles

160 sq. miles

120 sq. miles

160 miles20
340 miles

480 sq. miles
1040 sq. miles

900 sq. miles
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These figures are, of course, not nearly as accurate approximations
as were those given in footnote 9 on page 20 for the dimensions of the
shallow water zone south of Cape Cod.
In the case of Massachusetts Bay the writer was at first in doubt as
to whether it should be dealt with separately as a marginal sea or included in our considerations of the shallow water zone off the open
• 10 Measured on a line between prominent points only, not following the indentatIOns of the coastline.
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coastline. The latter procedure was decided upon for the reason that
the Bay is too wide at the mouth (about 36 miles), especially in comparison with its very slight length (only about 22 miles, or less,
measured as an indentation in a southwesterly direction) to warrant
the assumption that it would, or could if conditions required, commonly be eliminated from the traveling route of the migrating forms
by a direct course across its mouth. Such a route may of course
frequently be taken, but it is a simple matter to eliminate the effect
of the Massachusetts Bay data upon the seasonal course of the isotherms in our charts if such elimination should be required for a consideration of the possibilities of a direct passage across the mouth of
the Bay. If, on the other hand, the Massachusetts Bay data were
excluded beforehand from our graphs it would leave an unwarranted
hiatus 21 in our considerations of the actual continuity of the shallow
water zone and would seriously limit the usefulness of our presentation of its temperature-relationships.
Our presentation of temperature conditions in Massachusetts Bay
are almost exclusively based upon the records from Boston Lightship
which would seem to be rather ideally located to give a picture of
average temperatures within the Bay22 so far as one single station is
able to give such a picture. The temperatures observed in Gloucester
harbour are too strongly influenced by purely local factors to be of
any general value, except when, by complete agreement with the
Boston Lightship records, they may indicate an extension of the conditions also found in the latter locations. Only in such cases, however,
have the Gloucester records been given any consideration in our
charts.
SCOPE AND LIMITATIONS OF CONSIDERATIONS

As already mentioned in the introd~ction it is the purpose of the
present report to attempt to make a general presentation of temperature conditions in shallow water along the entire eastern coast of the
United States from Tortugas to the Canadian boundary, so far as
21 The relationship of a short, wide open bight like Massachusetts Bay to the
migrating paths and ecological sequences off the open coastline is obviously entirely
different from that of long narrow, or at least narrow-mouthed, indentations such as
the Chesapeake and Delaware Bays.
22 Notice for instance its position just at the boundary line between the northern
and southern surface temperature areas in our chart of the Fish Hawk observations
during June 16-17, 1925, in figure 3 on page 17.

38

Bulletin of the Bingham Oceanographic Collection

[IV: 3

the material will permit. Since, however, the entire physical oceanography of the Gulf of Maine, including, of course, the temperature conditions there, has already been so excellently and exhaustively dealt
with by Bigelow (1927), and since, on the other hand, our information
about temperature conditions in the southern Atlantic section, south
of the Carolinas, is relatively less complete, it will not be necessary in
the case of the former region, and not possible in the case of the latter,
to carry our considerations into the same detail as for the Middle
Atlantic section of the shallow water belt, with its northern and southern boundary regions, which will therefore receive the greatest attention in this report.
ANNUAL GEOGRAPHICAL TEMPERATURE CYCLE

MIDDLE ATLANTIC REGIONS. GULF OF MAINE. Records from 1928-30.-As Figures 8-13 will show, the annual temperature history of the shallow-water zone between the boundary
'regions of Cape Hatteras and Cape Cod-Nantucket Shoals apparently
repeated itself on the same general pattern every year, at least during
the three years 1928-1930. At the beginning of each calendar year
we find the isotherms from about 45° to about 60° or even 70° F.
running very close together in the neighborhood of Cape Hatteras. 23
The isotherms in this group (45-70° F.), especially those of the higher
temperatures therein, generally form a very complex pattern, indicative of the violent fluctuations which occur in the region immediately
south of Cape Hatteras during the winter period, a phenomenon
which will be discussed in greater detail on page 49. North of Cape
Hatteras the winter temperatures are very uniform along the whole
coastline, and there is an open continuity between temperature conditions north and south of Cape Cod24 without any barrier at all at
this point during the cold season.
Although the lowest temperatures (40° F. and less) already begin
to recede very rapidly to the northward at the end of February or the
beginning of March, the general effect of the approaching spring over
the entire range of temperatures only begins to become significant
around the middle of April. At this time the closely-grouped iso23 Cape Hatteras is located immediately northwest of the Diamond Shoal lightship
(see figure 1 on page 6).
,24 The Cape Cod region as here understood is represented in each temperature
diagram by the area between Nantucket and Pollock Rip.
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therms in the Cape Hatteras region begin to loosen up and to disperse northward. This process of northward dispersal reaches its
full force during the first part of May, and the months of May and
June constitute the main period of readjustment of temperatures to
the summer conditions which subsequently stabilize themselves along
the coast line.
This period of temperature readjustment is characterized by the
rapid northward regression of the isotherms, particularly within the
range from 50 to 65 or 70 degrees F., from the region of Cape Hatteras
to, or beyond, Cape Cod, and it is natural that this should be the
period during which the summer-fish invade the Middle Atlantic
fishing grounds from the south, while the winter-fish generally disappear to the northward with the regression of the lower isotherms
from about 40 to about 50 degrees F., during March to the middle of
May.
By the northward dispersal of the isotherms the apparent temperature barrier at Cape Hatteras has already been broken down completely
by the end of May, and from the beginning of June on there is only
a slow and gradual change in temperatures, but no temperature
barrier of any sort, from the region south of Cape Hatteras to the
region of Cape Cod. By the end of June, however, when more or
less stable summer conditions have been developed, another temperature barrier has been formed in the region of Cape Cod or in the
waters immediately to the southward and westward of this point.
This temperature barrier generally centers around the isotherm of
about 60 degrees F. and has a range of about 8 degrees F. altogether.
It is generally found, however, that higher temperatures will also
develop north of Cape Cod during the summer time, appearing particularly in the records from Boston Bay and from Gloucester. This
occurrence is, in all probability, due to an increased effectiveness of
the local heating, caused by the special topographic and dynamic
features of this region, and at the height of the warm season (during
the last half of August) it often appears that a temperature continuity
at values as high as 60 degrees Fahrenheit or more may secondarily
become established between the shallow-water areas on both sides of
Cape Cod. 26 The Cape Cod region, however, undoubtedly still re. ~ Figures 8-10 should be compared with figure 12 showing the temperature condltl?nS along the inner passage through the Cape Cod-Nantucket Shoals region
durmg the Su=er. For a more detailed discussion of the special problems of this
area and its summer temperature barrier see page 26.
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mains the needle's eye preventing most of the southern migrants from
passing farther northward, as alr\=lady well known to every student
of the marine biology of these waters.
Towards the end of September the effects of autumnal cooling, or
other factors tending to produce the conditions observed during the
winter, begin to become noticeable, and during the month of October
there is a very abrupt aOnd rapid return of the isotherms from about
60 to about 70° F. towards Cape Hatteras, followed by a similar return of the isotherms between 50 and 60° F. during November and
the first days of December, and by the 40 to 50° isotherms during
December and January. These relationships are most clearly shown
in fig. 11 on p. 42.
Thus the summer temperature barrier in the region of Cape Cod
breaks down around the end of September, and the apparent 26 winter
barrier at Cape Hatteras becomes reestablished during the first half
of December.
Comparison with Rathbun's data for 1881-85.-The accompanying
figure 14, with isotherms drawn for every five degrees Fahrenheit,
shows the average pattern of the annual temperature cycle in the
entire shallow-water zone from Tortugas to the Canadian boundary
during the five-year period 1881-85 as presented by Rathbun (1887)
in his ocean temperature chart No. 31.21 It will appear from a
comparison with figure 13 that Rathbun's data for 1881-85 give
the same general picture of the annual temperature cycle north
of Cape Hatteras as do the records from 1928-30, although it will be
noticed that the vernal heating was generally relatively tardy getting
under way during 1881-85 as shown by the fact that the 40° F. isotherm did not on the average recede to the northward of Five Fathom
Bank Lightship 28 until the beginning of April (instead of the middle of
March, see figure 13). Only in the data for 1882 (Rathbun 1887,
Ocean Temperature Chart No. 27) do we find an agreement with
conditions during 1928-30 in this respect. Once started, however, the
See page 49.
A ocomparison of Rathbun's chart with the one here rendered will serve to show
both the similarities and the fundamental differences between the methods of presentation embodied in each (see po 2) .
.. It is better to base our comparison on the records from tbis lightsbip than upon
Winterquarter Shoals Lightsbip since the latter has changed its position considerably
to the seaward between 1885 and 1928 (see p. 8) whereas Five-Fathom Bank
Lightsbip remains in practically the same location as before.
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to time and location during these two widely separated periods. A
temperature barrier in the region of Cape Cod-Nantucket Shoals,
generally ranging from around 55° to around 65° F., was established
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in the summer also during the years 1881-85, and the southward
movement of the isotherms in the fall, under the influence of autumnal

1!J!1 parr:

dt~ liothern:
(It& temper,

01 RAt~hun'8
oaring thalJ
~Ie vernal he
loouloue III(
I~~~' Bu
neb later I!
run well \Vithi

!ince Rath

MitvmlIIIOI
Im-W,figw
liitory of lhi

Hi
U~ofp81

lIlJo! re~li
~uring the au
1iIluiual!yel
~D!plcuous I
l~~cea

I1re(M'F,
Ittrihutd by
in this lOC3ti

REGION
~aphs 1
!tIeral &grel

qclenorth I

mesandll
I~W, W
itIeIl, huwev

~tlou! ~vel

!UggeIt*bJ
Fig. i5.-Tempcrature cycle in shallow water along the Atlantic Coast of the United
States in the year 1885. Isotherms for every 2° F. drawn on the basis of the temperature
curves for individual stations during that year rendered by Rathbun (1887, ocean temperature charts Nos, 1-25). Stations numbered as In Ilgure 1.

(iee figure I

!/em to oon

Ra"eraa dUi
temperature

cooling, is again in good general agreement for all stations north of
Cape Hatteras during the two periods here compared. Figure 15,

Ii&onhlan
riili Portland I
n~ltvelilYi

IlCIPiI.nn,

1933]

,

"

Parr: Temperature ConditionB Along tM Atlantic Coast

49

with isotherms for every 20 F., showing the pattern of the shallowwater temperature cycle during 1885, has been prepared by the use
of Rathbun's various temperature curves for each individual station
during that year, and gives an illustration of a comparatively very
late vernal heating north of Cape Hatteras, with the 40 0 F. isotherm
about one month later at Five Fathom Bank lightship than during
1928-30. But even in this case the 500 F. isotherm is only about two
weeks later than the average for 1928-30, and the higher isotherms
run well within the ranges of variation for the latter period.
Since Rathbun's data from the Gulf of Maine include the records
of several more stations28 than those reporting from this region during
1928-30, figures 14 and 15 naturally shows the annual temperature
history of that region in considerably greater detail than do figures
8-12.
It is of particular interest to notice from Rathbun's data that the
area of relatively warm water (above 60 0 F.) north of Cape Cod
during the summer is apparently not confined to Massachusetts Bay
but usually extends northward at least as far as Boon Island. Another
conspicuous feature of figures 14 and 15 is contributed by the early
appearance and long duration of a relatively high summer temperature (55 0 F. or more) in the waters around Petit Manan, a feature
attributed by Bigelow (1927, p. 575) to specially sheltered conditions
in this location.
REGION OF CAPE HATTERAS.-In the immediately preceding
paragraphs we have been able to show the existence of a very good
general agreement between the pictures of the annual temperature
cycle north of Cape Hatteras obtained from Rathbun's temperature
curves and from the lighthouse and lightship temperature records for
1928-30. When we turn our attention to the region of Cape Hatteras
itself, however, we find a very striking discordance between the indications given in Rathbun's temperature charts and the conditions
suggested by the records from recent years. According to the latter,
(see figure 13) the isotherms for 500 to 65 0 F. or even 700 F. would
seem to converge and run closely together in the region of Cape
Hatteras during the winter months, thus forming a very pronounced
temperature barrier at this point during the cold season. In the
.. Boon Island, Seguin, Mt. Desert Rock, Matinicus and Petit Manan, &8 compared
with Portland Lightship and Mt. Desert Rock only. Rathbun did, on the other hand,
not have any records from Mll88&Chusetts Bay, proper; only from Thatchers Island
at Cape Ann.
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graphs (figures 14 and 15) based upon Rathbun's temperature curves
this phenomenon does, on the other hand, not appear at all, and there
would seem to have been a continuity of ten-day average temperatures even as low as 50 0 F. around Cape Hatteras during 1881-85.
In Rathbun's data, however, the region of Cape Hatteras is only
represented by interpolation between Cape Lookout Lighthouse (shore
station) [9] and the stations north of Cape Hatteras. Of the latter,
Bodie's Island, another shore station, shows such very great influences
from purely local factors that is is questionable whether it can be considered fully comparable with the other localities off the open shore,
and the next station to the northward, Winterquarter Lightship [13]
is already 160 miles away from Cape Hatteras. so In the records from
recent years the dp.pe Hatteras is represented by Diamond Shoals
Lightship [10] directly off the Cape itself (about 13 miles southeast)
and by Cape Lookout Lightship about 70 miles to the southwestward
and about 20 miles SxE~E from Cape Lookout Lighthouse, from
which Rathbun obtained his records (see figure 16). It is therefore obvious that the discrepancy between figures 14 and 15 for 1881-85 and
figure 13 for 1928-30 may, if not entirely, at least to a very considerable extent, be due to the fact that Rathbun's data are hardly adequate for an interpolation of conditions in the region of Cape Hatteras, such as has been rendered in these graphs; while a more complete and probably more correct picture is obtained from the records
for 1928-30 as shown in figure 13. The writer sees no particular reason
to doubt that a similar picture, with the same winter temperature
barrier at Cape Hatteras, would also have been obtained for the
years 1881-85 if temperature observations from the location of Diamond Shoals Lightship had been available at that time. Still the
question remains as to the effectiveness of the temperature barrier at
Cape Hatteras. Whether it extends all the way across the shallowwater zone or not. If not, whether it is supplemented by other factors
tending to block the passage at this point, or whether it leaves an open
path at relatively low temperatures through the waters closest to the
shoreline, as might be indicated by the difference between the winter
temperatures recorded from the lighthouse (1881-85) and from the
lightship (1928-30) at Cape Lookout (figure 17).
As shown in this diagram the average surface temperatures at the
10 Neither Diamond Shoal Lightship nor Chesapeake Lightship were included
among the Btations from which Rathbun obtained his data.
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lighthouse and at the lightship are approximately the same during
midsummer (Jun~September), but during the winter the average
temperature at the shore station in the years 1881-85 sank to a minimum (in January), more than 10° F. below the average minimum
(in February) at the lightship location (according to the records for
1928-30). In so far as these records are comparable, and we have no
particular reason to suspect that they are not, it would, therefore,
seem that a surface gradient with a range of about 10° F. can usually
be expected to develop between the shoreline and Cape Lookout
Lightship, about 18 miles off the point of the Cape.
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FIg. 17.-Solid Ii~: average annual surface temperature curve at Cape Lookout LIghtship
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calculated from Rathbun's temperature charts. Vertical scale: temperatures In degrees
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Pursuing this comparison further, we also invariably find the more
offshore station at Frying Pan Shoal showing a higher average midwinter temperature (see figures 22 and 23) than any of the following stations situated farther to the southward (Rattlesnake Shoal, Charleston Lightship; Martin's Industry Lightship (1881-85); and St. Johns
Lightship (1928-30) ), the explanation being that these more southern
stations are also closer to the shoreline and thus farther removed
from the influence of the Gulf Stream to which the higher mid-winter
temperatures at the more northerly and more offshore stations
(Frying Pan Shoal, Cape Lookout Lightship and Diamond Shoal)
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can undoubtedly be ascribed. On. the basis of these comparisons,
taking into consideration both Rathbun's data from 1881-85 as

...
1~---I----+---'~",",,""""~-7"~~<:::""_-+----1----+-------j ..·

I~-----\,-kl-+~""'+---+------l----+---f----+-------j··

Fig. IS.-Average temperature distribution along the Atlantic Coast of the United States
from Cape Hatteras southward, during period of minimum temperatures (January-February).
Hatchings IndJcate depths less than 3 fathoms. la-fathom and lOG-fathom curves drawn In
thin 80Ud Unes. Arrows indicate approximate Inner Umit of the Gulf Stream as shown In
Chart No. lOCH pubUshed by the United States Coast and Geodetic Survey.

well as the records from recent years, figure 18 has been construed as an illustration of what must probably be the average

[IV: is
distribution of surface temperatures in the southern bight of the
Atlantic coastline of the United States during the coldest period of
the year (January-February). Where it comes within the points of
observation (at Diamond Shoal and Cape Lookout Lightship) the 60°
isotherm (or isocryme) apparently runs immediately outside (shoreward) of what has been determined by the United States Hy:lrographic Office as the approximate inner limit of the Gulf Stream, and
it seems very reasonable to assume that this isotherm, and probably
also the 55° isotherm at a somewhat greater distance, continues to
run fairly parallel with this Gulf Stream boundary line right across
the bight towards Cape Canaveral as indicated on the chart. It is
at least certain that both isotherms on the average fall entirely outside of all our inshore stations from Charleston to St. Johns, inclusive,
during the coldest period.
In consequence of the existence of these conditions south of Cape
Hatteras during the winter, it becomes necessary for us to consider
the possibility that a similar gradient, perpendicular upon the shoreline, might develop between Diamond Shoals Lightship and Cape
Hatteras itself, and to discuss the significance which such a temperature gradient at this point might have for our biological considerations.
It is clearly possible that the temperatures lower than 60° F. south of
Cape Hatteras may be largely due to local cooling and do not necessarily imply any great transportation of cold water around the Cape.
This possibility gains some confirmation from the very good general
agreement between the air and surface temperature records for the
stations from Cape Lookout Lighthouse to Martins Industry Lightship,
particularly in the winter, during the years 1881-83, as shown in
Rathbun's temperature charts. At Cape Lookout Lighthouse, the
curves for the surface temperatures, which were taken above a depth
of only one foot, "agree in nearly all their details with (the curves for)
the air" (Rathbun 1887, p. 190). At Frying Pan, Rattlesnake, and
Martins Industry Lightships the fluctuations in the surface temperatures are somewhat dampened in comparison with the fluctuation in
the temperature of the air, but air and surface are in excellent agreement with each other in regard to the time and direction of all fluctuations, with coincident modes and depressions in their temperature
curves throughout each winter period, as a glance at Rathbun's temperature charts No. 5-8 will show. On the basis of these findings it
seems not only p088ible but also most probable tllat local cooling
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must be the predominant factor in the production of the low winter
temperatures along the coast south of Cape Hatteras, and it is not
a priory necessary to assume that these low temperatures must be
in continuity with the corresponding temperatures north of Cape
Hatteras for the reason that their existence to the southward can only
have been caused by an actual transportation of water at this temperature around the Cape from the north. There is, on the other hand,
also the possibility to consider that equally low temperatures might
develop along the shore by local cooling at Cape Hatteras itself.
In the topographic and hydrographic conditions of this region, however, there are several very strong and very obvious arguments against
the assumption that a similarly important surface temperature
gradient as that between Cape Lookout and Cape Lookout Lightship
might also develop between Cape Hatteras and Diamond Shoals
Lightship. As shown in figure 16, an elevated ridge less than five
fathoms deep extends outward nearly two-thirds of the way from
Cape Hatteras to Diamond Shoals Lightship, with a complex group of
shoals of even less than three fathoms depth reaching to within five
miles from the lightship location. With a topography of this character,
particularly in a prominent region such as that of Cape Hatteras, a
very high degree of turbulence affecting the distribution and mixing
of the water both in its horizontal and vertical aspect is plainly to be
expected. From figure 18, we furthermore see that the approximate
inner limit of the Gulf Stream, as determined by the United States
Coast and Geodetic Survey, cuts across the outer edge of the shoals
less than three fathoms deep off Cape Hatteras, and it therefore seems
fairly certain that at least the marginal warm waters of the Gulf
Stream will commonly, to a greater or less extent, be drawn into the
turbulent mixing over these shoals. While it is probable that the
average inshore surface temperatures at Cape Hatteras in midwinter
may be somewhat lower than the average surface temperatures at
Diamond Shoals Lightship, it is therefore, on the other hand, very
improbable that the difference at this point should be nearly as great
as in the waters to the southwestward, and it is clear that the inshore
belt of lower temperatures, such as they may be, must under any circumstance be greatly restricted in its width in the region of the shoals
off Cape Hatteras. It may finally also be pointed out that the
migratory possibilities offered by such low temperatures as might
occur at times in this area would be greatly detracted from by its topo-
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graphical and dynamic obstacles in the form of its very shallow depth
and violent surf action (breakers and rips). Only on the occasions
when the cold water reaches out beyond the shoals towards the lightship location would a really good opportunity for passage at low
temperatures be afforded, but such conditions are too rare31 and of
too short duration to be of any great significance for our biological
considerations.
For these various reasons the author feels fairly confident that the
midwinter temperatures below 60° F. developing to the southwestward
of Cape Hatteras are not in effective continuity with the same temperatures to the northward of the Cape; that is, that the chance of a
continuous coastwise passage from the Middle Atlantic region into
the southern region, and vice versa, at these low temperatures is so
greatly reduced as to become practically negligible through the conditions obtaining in the region of Cape Hatteras. The version of the
annual temperature cycle and the temperature relationship between
the South and Middle Atlantic regions rendered on the basis of observations from 1928-30, in figures 8-13, showing a well-developed
winter temperature barrier at Cape Hatteras, is, therefore, probably
more complete and more correct in its biological implications than is
the version obtained from Rathbun's data (figures 14 and 15) which
are inadequate to show the separation of the southern waters from the
northern during midwinter. Perhaps the clearest and most complete
picture may be obtained by a combination of Rathbun's data with
the more recent observations at Diamond Shoals Lightship, as shown
in figure 19. In this picture not even the 60° isotherm is continuous
around Cape Hatteras. It is probable, however, that observations
nearer to the Cape itself might establish a narrow continuity also at
this temperature but hardly in any significant manner at values lower
than 60°.
SOUTHERN ATLANTIC REGION AND THE STRAITS OF
FLORIDA.-Our consideration of temperature conditions in the
coastal waters between Cape Hatteras and the Straits of Florida
suffers from the incompleteness of our records from the southern half
of this area. In Rathbun's data there is a hiatus of 390 miles between
Fowey Rocks lighthouse, the northernmost point of observation in
the straits of Florida, and Martins Industry Lightship, the southernmost station along the open Atlantic coast. While the subsequent
11

80 far as temperatures below 60° F. are concerned.
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addition of St. Johns Lightship constitutes a considerable improvement and southward extension of the series of stations north of the
gap, it still leaves a stretch of 305 miles of coastal water unaccounted
for also in the records for 1928-30. This hiatus in our observations is
particularly unfortunate for our consideration of the distribution of
shallow-water temperatures during the winter, since it covers an
average temperature range of about 18° F. during the coldest period
of the year, leaving the details of the coastwise gradient from about
55° F. to about 73° F. purely a matter of conjecture, entirely unaccounted for by actual observations. During the warm season the
temperature range of the unobserved stretch becomes reduced to an
average minimum of only about 3° F. in July to September, and from
May to October, inclusive, the hiatus can hardly be said to be of any
significance at all for our investigation.
From figures 13 and 14 it will be seen that the 60° isotherm may as
a rule be expected to invade the coastal waters south of Cape Hatteras
towards the end of November and to remain in the south until the
first half of April. During December a temperature of 55° F., or less,
will apparently develop independently (see p. 54) south of Cape
Hatteras, to disappear again from this region under the influence of
vernal heating already around the beginning of March. In January
and February the coastal waters in the northern part of the southern
Atlantic region will even reach a temperature as low as about 50° F.
in the area nearest to the shoreline (p. 52),32 as shown by Rathbun's
data from Cape Lookout Lighthouse (see figure 23) and by the recent
records from Charleston Lightship (figure 22).
Figure 18, which has already been sufficiently explained on page 53,
shows the distribution of surface isotherms believed to be normal for
the southern Atlantic region during the coldest part of the year. If the
interpretation of the data upon which this chart is based is correct, it is
clear that neither the Frying Pan Shoals observations nor the Cape
Lookout Lightship records will give any true picture of temperature conditions in the shallow-water zone proper, except in so far as the outer
fringe of this zone at the prominent, but isolated, projections of Cape
12 According to thermograph records kindly made available by Dr. Prytherch,
Director of the Fisheries Biological Station at Beaufort, N. C., the sea water temperatures in this inland -locality (situated opposite the entrance shown in the left
half of Figure 16 about 9 miles west of Cape Lookout) were both in January and
again in December, 1930 below 45° F. even in the five-day averages.
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Fear and Cape Lookout are concerned, and even at these two points
the observations from the lightships' will not be representative of the
temperature continuity in the waters closer to the shoreline, as clearly
shown by Rathbun's data from Cape Lookout Lighthouse (see page 51).
To obtain a picture which will probably be more truly representative
of the entire shallow-water zone proper south of Cape Hatteras, with
consideration of the continuities established in the inner parts of this
zone at the constrictions of Cape Fear and Cape Lookout, the accompanying figure 19 has been prepared by the omission of the records
from Frying Pan and Cape Lookout Lightships, as being irrelevant to
the continuities here concerned, and by the combination of Rathbun's
data with the recent records from other localities. In this figure we
see the winter temperature barrier at Cape Hatteras take on a much
sharper character than in figure 13, the difference being due to the
change in the picture of its southern aspect. We also find a much
greater geographical extension of the low-temperature area of the
shallow-water zone south of Cape Hatteras indicated in figure 19,
in accordance with our considerations in the preceding. The perfect
sequence in the appearance of the isotherms in the averages for St.
Johns (5) and Charleston (7) lightships during the period 1928-30
and in the averages for Cape Lookout Lighthouse (9) during the period
1881-85 may be considered to confirm the justification of combining
these records in the chosen manner. The question of the completeness and efficacy of the temper~ture barrier at Cape Hatteras has
already been discussed on page 54. While observations closer to the
shore of the Cape itself might show a temperature continuity through
this region at a somewhat lower level than indicated in figure 19
(64° F.), the writer feels confident that the colder areas to the southward and to the northward must be separated from each other during
the winter bya biologically quite efficient barrier of higher temperatures
coupled with mechanical and dynamical obstacles in the region of
Cape Hatteras.
On the basis of the preceding considerations, we may now be said
to have. gained a rough, but fairly complete, picture of winter conditions as far south as'St. Johns Lightship, but in the 305-mile hiatus
between this station and Fowey Rocks Lighthouse in the Straits of
Florida, the course of the isotherms from 55° to 73° F. is completely
lost track of so far as actual observations are concerned. From the
beginning of November to the end of December these isotherms appear
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from the north and disappear again to the southward at St. Johns
Lightship. During February, March and April they are again encountered in this location on their northward course. In the meantime, however, none of these isotherms from 55° to 73° F. will, on the
average, be found to have reached as far south as Fowey Rocks, and
we are therefore unable to determine from actual observations even
their approximate distribution from the time of their disappearance
from St. Johns Lightship in the late fall until they again reappear in
that locality on their northward course in the spring. From a consideration of the situation north and south of the unknown stretch,
we may, however, nevertheless be able to discern certain possibilities
in regard to the most probable mid-winter distribution of the 55° to
73° isotherms.
As we have already seen in the preceding (page 52), the mid-winter
temperatures of 60° F. or higher at Cape Hatteras and at Cape Lookout lightships seem rather definitely associated with the proximity of
these locations to the inner edge of the Gulf Stream, while much
lower temperatures are found in the southern Atlantic bight of the
United States coastline farther away from the Gulf Stream, but also
farther to the southward (page 52). If this relationship is continued
into the area between St. Johns Lightship and Fowey Rocks, we should
expect the isotherms for 60° F. and for higher temperatures to remain
offshore, while the lower temperatures extend fairly uniformly along
the shallow-water zone, until the shoreline again approaches the Gulf
Stream in the region of Cape Canaveral (see figure 18 on page 53).
From St. Johns to the neighborhood of Cape Canaveral we would
then only find a very slow and gradual increase in the coastal shallowwater temperature, followed, in the latter vicinity, or perhaps rather
in the region between Cape Canaveral and Jupiter Inlet, Fla., by a
comparatively sudden rise from about 60° to over 70° F., forming a
second winter barrier similar in its northern approach33 to that simultaneously formed at Cape Hatteras at a lower temperature level
(50° to 60° F.). In figure 19 the mid-winter distribution of the isotherms has been drawn in accordance with this assumption of a
relatively steep gradient from 60° to 70° F. between Cape Canaveral
The geographical surface temperature gradient in this southern region had perhaps better been designated as a warm front than as a temperature barrier since it
would not separate from each other two areas of similar temperature as does the
winter barrier at Cape Hatteraa.
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and Jupiter Inlet, Fla. It seems quite possible that this rise in temperature may actually take place over a much shorter distance in the
immediate vicinity of Cape Canaveral, but it is, on the other hand,
also possible that it may extend over a wider range. A relative concentration of mid-winter isotherms somewhere in the region here
indicated does, in any event, seem much more probable than the
assumption of an even rise in temperature from St. Johns Lightship
to Fowey Rocks, as shown for comparison in figure 13 on page 46.
During the summer the temperatures in the southern section of the
shallow-water zone along the Atlantic coast of the United States are
practically uniform with the temperatures in the Straits of Florida,
the difference in temperature between Fowey Rocks and Cape Lookout, about 750 mil~~ apart, being on an average less than go F. from
the beginning of May to the middle of October, and only about 4° F.
from July to September, inclusive.
In the Straits of Florida we encounter shallow-water temperature
conditions of a tropical nature, and we here enter a region which has
its southern limit probably somewhere along the coast of Brazil, and
which is therefore largely beyond the scope of the present report.
The temperature relationship of the Straits of Florida to the coastal
waters to the northward has been sufficiently discussed in the preceding paragraphs.
SUMMARY OF ANNUAL GEOGRAPHIC TEMPERATURE
CYCLE.-In the shallow waters along the Atlantic coast of the United
States we thus have seasonal temperature barriers established at
Cape Hatteras during the winter and in the neighborhood of Cape
Cod during the summer, but the impression often given, that there
should be a set of more or less permanent temperature barriers at
these two points, is entirely erroneous and contrary to the facts. In
the winter there is a free access for all the migratory cold water forms
to penetrate as far south as to the neighborhood of Cape Hatteras,
and in the summer the southern forms may move as far north as
Cape Cod encountering only a slow and gradual decline in temperature on the way. The discoveries of the extent of the southward
penetration of the northern species during the winter, which have
surprised the investigators during the last few years, are therefore
only what one should have been entirely ready to expect had these
temperature relationships been worked out beforehand. The northward penetration of the southern forms to Cape Cod, but generally
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not farther, is also in full accordance with our findings concerning the
distribution of shallow water temperatures during the warm season,
as already well known in a general way.
In the conclusions set forth in the preceding paragraph is also implied that it would be difficult for either the northern or the southern
faunistic elements to contribute any permanent residents to the
region between Cape Hatteras and Cape Cod, and the scarcity or
almost complete absence of any all-year-round residents among the
fishes of the Middle Atlantic coast is one of the outstanding features
in the zoogeography of this region.
It is also suggested that the transition from the midwinter temperature conditions in the southern section of the Atlantic coastal
waters of the United States to the midwinter temperatures of the
Straits of Florida may take the form of a relatively abrupt warm
front somewhere in the neighborhood of the region between Jupiter
Inlet and Cape Canaveral, Florida, rather than the form of a gradual
and equally distributed increase in temperature. On the basis of this
assumption we should, therefore, expect to find a critical and perhaps
limiting point for the winter migrations of subtropical species in the
vicinity of Cape Canaveral. During the summer the temperatures
in the Straits of Florida are uniform with the shallow water temperatures to the northward as far as the region of Cape Hatteras, from
which point a gradual change begins to become noticeable. Although
no abrupt temperature barrier is to be found at Cape Hatteras during
the summer time, it is, therefore, nevertheless to be expected that this
point will form the northern limit of distribution for the stenothermal
tropical forms during the warm season.
In the Straits of Florida we find the northern boundary of the
Tropical American Seas with a winter temperature above 70° F. in
which the stenothermal tropical forms may remain all year around.
nUCTUATIONS IN THE GEOGRAPmCAL EXTENSION 01' TBI
VARIOUS TEMPERATURE INTERVALS

It might, in connection with the preceding discussion, be of interest
to determine the variations in the length of the section of the shallow
water belt which is covered by the geographical range of any given
temperature interval at various times of the year. For this purpose
~he acco~panying fig. 20 has been prepared, showing the fluctuations
m the distances between every 10° isotherm in the Middle Atlantic
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Region and the Gulf of Maine during the year 1929'4 measured along
the eight fathom contour. It will be seen, from this figure, that the
stretch of coastal water occupied by the temperature interval from
40 to 500 F., starting with a length of about 600 miles in the beginning
of January, has shrunk to only about 120 miles during the last part of
February, to increase again to nearly 600 miles towards the middle of
May. After the middle of May the 40 0 isotherm disappears from our
records, receding northward beyond the bounds of our observations,
and we are therefore unable to follow the further history of this temperature interval until it again comes entirely within the range of our
observations for a brief period dUring the last part of December.
For similar reasons the width of the 50 to 60 0 interval cannot be
determined from the last part of July to the early part of October,
and the widths of the 60 to 70 0 and the 70 to 800 intervals can only be
recorded for longer or shorter periods during the summer.
It would appear that each temperature interval reaches its maximum
geographical extension towards the end of the period of its presence
within the area here considered,· the reason for this being that the
higher isotherms will start receding to the southward before the lower
ones have yet been affected to the same extent by the approach of
winter, so that there will be a temporary expansion of the distance
between the higher and the lower temperature points, before the
location of the latter comes fully under the influence of the autumnal
factors, whether they be of a dynamic character or simply in the
nature of a direct cooling. For the same reason, it will also be seen
that the lower temperature intervals reach their maximum extensions
successively later in the fall and winter, according to their positions
on the temperature scale.
In their ecological implications these conclusions obviously mean
that, whereas the biological processes of the shallow water zone
dependent, for instance, upon temperatures between 40 and 50 0 F.,
Ie Conditions in the other years from which we have adequate information available are in good general agreement with those observed in 1929, with the exception
that the establishment of a direct continuity between the 60 0 isotherms north and
south of Cape Cod during the month of August in the years 1928 and 1930 C&118e8
the range of the 60 to 70 0 temperature interval to become much greater at these
times than at any time during 1929•
• Due to the uncertainty about the exact distribution of winter temperatures
south of Cape Hatteras (see page 69) these considerations can not be extended to
include also the southern eection of the Atlantic coaetal waters of the United State&.
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in the beginning of January can have free play over a stretch of about
600 miles of coastal waters, they will during the last part of February,
of necessity be limited to only a range of about 120 miles, to spread out
again gradually during the following months, etc. At the moment of
this writing the author is not aware of any particular set of zoogeographic facts to which these considerations, can at once be applied,
but they represent a method of approach which might recommend
itself for future use particularly in the study of problems involving an
inclusive consideration of the total amount of biological processes or
activities of various kinds, such as for instance spawning, within the
entire geographical range of a species.
ANNUAL TEMPERATURE RANGE IN DD'l'ERENT SECTIONS

THE SHALLOW WATER

zon

or

It will have appeared, from our discussion of seasonal changes in
space and time, that the area of the Eastern Coast of the United
States covered by our records is naturally divided into at least six
different sections which are distinct from each other in regard to
their annual temperature history. These sections are: 1) The Straits
of Florida, probably fairly sharply limited from the Southern Atlantic
region during the winter by a relatively abrupt transition (warm
front) in the region of Cape Canaveral. 2) The Southern Atlantic
region between Cape Canaveral and Cape Hatteras, with summer
temperatures uniform with those of the Straits of Florida and winter
temperatures approaching or similar to those of the Middle Atlantic
region, but separated from the latter by the temperature barrier at
Cape Hatteras. 3) The region of Cape Hatteras, represented by the
Diamond Shoals and Cape Lookout Lightships, with a winter temperature barrier which breaks down entirely during the warm season.
4) The region of the Middle Atlantic coast between Cape Hatteras
and Cape Cod, through which the isotherms move rapidly in long
sweeps between the winter barrier at Cape Hatteras and the summer
barrier at Cape Cod, but which, within its own boundaries, does not
contain any temperature barrier at any time of the year. This region
includes all the lightships and lighthouses from Cape Charles to
Brenton Reef. (5) The region of Cape Cod, represented by the Nantucket and the Pollock Rip Lightships, with a moderate temperature
barrier in the summer, which completely disappears during the winter.
(6) The region of the Gulf of Maine, with comparatively moderate
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Fig. 21.-AbOl>e: Average annual temperature curves at four representative lightships, one
for each of the four thermographic regions In the shallow-water zone from Cape Hatteras to
the Gulf of Maine, plotted on the basis of 25-day periods for the three years 1928-1930.'
Below: Average annual curves drawn separately, on a basis of five-day periods, from the threeyear records of the two lightships in the region of Cape Hatteras (1. Cape Lookout. 2.

• Only for the two years 1928-29 in the case of the Diamond Shoal Lightship, as
the 1930 records from this locality were not yet available when this illustration was
prepared.
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temperatures all year round, and without any temperature barrier at
any time of the year within the limits of our recorded observations.
It is quite obvious from our figures 13-15 (pp. 46-48) that these six
regions must differ quite fundamentally from each other in regard to
the nature of their annual temperature curves, and this fact is still
more clearly shown in the accompanying figures 21-23. Figure 23
shows the average annual surface temperature curves in different
localities during the five-year period 1881-85, as calculated from Rathbun's temperature charts on the basis of ten-day periods. Figures 21
and 22 give similar information for various stations during 1928-30.
Starting from the southern end of the coastal shallow water belt
with which we are here concerned, we first encounter, in the Straits of
Florida, a region of uniformly high average temperatures with a
seasonal range of variations of only 10°-12° F., from around 73° to
around 85° or 86° F. (figs. 22 and 23). In the section from Cape
Canaveral to Cape Hatteras we next encounter a region in which high
summer temperatures, about equal to those in the Straits of Florida,
alternate with relatively low winter temperatures, giving a seasonal
range of variations of about 30°-35° F., from about 50°-55° F. to
about 80°-85° F. (figs. 22 and 23). In the boundary region of Cape
Hatteras comparatively uniform and relatively high temperatures
again prevail (fig. 22), with an average annual range for 25-day
periods of only about 20° F. or less, from a little over 60° F. to a little
over 80° F., although the extreme range when shorter periods are
considered may exceed 25° or even 30° F. due to the violent fluctuations in the temperatures in this area during the cold season. At this
point, however, we are only considering the seasonal trends of the
temperature curves, not their extreme variations which will be taken
up for discussion later (p. 75). In the Middle Atlantic region we find
a repetition of conditions south of Cape Hatteras at a somewhat
Diamond Shoal); of the five lightships along the Middle Atlantic coast (3. Cape Charles.
4. Winter Quarter. 5. Five-Fathom Bank. 6. Fire Island. 7. Brenton Reef): and of the two
typical stations in the Gulf of Maine (8. Portland. 9. Mt. Desert Rock, connected hy oblique
hatchings). The records for the two lightships in the Cape Cod region (Nantucket and
Pollock Rip) and for Boston Bay and Gloucester have been omitted to avoid unnecessary
contusion.·

• The Cape Cod region shows intermediate temperatures between those of the
Middle Atlantic coast and those of the Gulf of Maine. The curves for Boston Bay
and Gloucester show distortions probably due to strictly local heating and cooling
and can therefore not be considered entirely significant for our considerations at this
point, in so far as their finer details are concerned.
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lower temperature level, with an annual range of about 30°-35° F.,
from about 35°-40° F. in the winter to 65°-75° F. in the summer
(figs. 21 and 23). In the region of Cape Cod-Nantucket Shoals, there
is a fairly abrupt drop in the summer temperature averages, reducing
them to a maximum of less than 65° F. for 25-day periods (actually
not over 62° F. during the years 1881-85, and 1928-30) thereby also
reducing the seasonal range of variations to only about 25° F. or less. 86
North of Cape Cod the maximum summer temperature gradually
decreases87 until it becomes less than 55° at Mt. Desert Rock (figs.
21 and 23) with a seasonal range of less than 20° F.
We thus have three areas of comparatively uniform temperatures
throughout the year, as judged by the seasonal trends88 of their
temperature curves, the Straits of Florida and the region of Cape
Hatteras at a comparatively high temperature level, and the Gulf of
Maine with relatively low temperatures all year round. We also have
two large areas in which a very wide seasonal range in average temperatures is found, namely the Southern and the Middle Atlantic
sections of the coastal shallow-water belt with which we are here
concerned. The geographical relationships of such neighboring homothermal and heterothermal regions to each other have a very important bearing upon many biological problems particularly in connection
with the phenomenon of seasonal migrations. In a heterothermal
region, that is a region in which there is a comparatively great difference between summer and winter temperature, it is clear that the
animal communities must either consist of forms which are able and
willing to resist these seasonal changes in temperature, or the fauna
must suffer a relatively complete change in its composition of species
twice a year. In the case of the forms incapable of performing a
seasonal migration, the development of a wide toleration for seasonal
changes in temperature is, of course, the only possibility offered; but
when adequate means of locomotion are provided, such as in fishes and
cephalopods, etc., it is simpler and more reasonable to eXpect a rather
Ie On the basis of 5-day periods the seasonal range in the Cape Cod to Nantucket
Shoals area may in individual years attain to a magnitude of nearly 30· F., and still
higher for single observations due to the great fluctuations occurring in this region
during the summer months. (See p. 77.)
IT In M&88&chusetts Bay temperatures above 60· F. are present more regularly and
for a longer period than in the Cape Cod-Nantucket Shoals area, but the maximum
limit is approximately the same in both locations.
II Not by the extreme range of temperatures observed on individual occasions.
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complete change in population from summer to winter and vice versa,
in accordance with the changes in temperature. As already mentioned
such a seasonal alternation in the composition of the shallow-water
fish fauna is one of the outstanding characteristics of the Middle
Atlantic region, particularly the highly heterothermal southern part
thereof. The available information is insufficient to warrant any
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definite statement as to whether the same
is also true of the shallow-water belt south
of Cape Hatteras, but a similar course of
events should also be expected in that
region. Figuratively speaking, one might
say that a sufficiently heterothermal region
should be expected to be swept entirely clean
of its winter population by the northward
sweep of the isotherms during the warm
season, to be again entirely vacated by its
summer population when the isotherms recede again in the fall, the vacating iIi either
direction at alternate seasons having the
character of a movement under thermal
compulsion.sa If a series of locations with
heterothermal conditions at gradually changing temperature levels are arranged in direct
continuation of each other, we would obviously simply expect a staggered exchange
of populations from north to south during
the cold season and in the opposite direction during the summer. If the populations
are equivalent to each other, the seasonal
change at each location should be qualitative
only, but not quantitative. If, on the other
hand, conditions in a given area do not at
any time of the year become definitely undesirable for the populations present within
its boundaries, these populations will not be
under any compulsion to move into other
regions. When acceptable conditions develop in neighboring areas where they had
I I The compulsion need only be in the sense that thermal conditions within the
region being vacated have become definitely undesirable, although they may not
involve any immediate physical danger and the act of migration itself may have the
aspects of a voluntary reaction. In contradistinction a movement from point to
point within an area where conditions are everywhere within the range of the acceptable may be defined as a non-eompul8ory migration in a population-biological sense,
even though the individual movements may well De coIDpul8ory reactions to varia.tions within the range of acceptable conditions.
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previously been unacceptable the populations might be expected to
scatter by random40 movements also into these adjacent waters, but
this diffusion of populations over a wider range would, of course, be
quite different both in its character and in its effects, from the migration of populations as a whole under a thermal compulsion. In
sufficiently homothermal regions such compulsion will be reduced or
absent and only a seasonal and reversible diffusion of its populations
into neighboring regions might be expected to occur. If now a homothermal and a heterothermal region are situated adjacent to each
other, it would be likely to occur that the heterothermal region in
replacement of the population it compels to vacate its territory in the
opposite direction would only receive a seasonal diffusion4! but not an
immigration of complete populations from the homothermal region.
If the heterothermal region is situated between homothermal areas on
both sides it might thus be expected to remain uniformly poor in
migratory forms at all times of the year j and if it should be situated
between another heterothermal region in one direction and a homothermal region in the other, it might be expected to show great
seasonal variations both in the quality and in the quantity of its migratory populations, being rich during the season in which it is invaded
from the heterothermal side, poor when it only receives a diffusion
from the neighboring homothermal area. Conversely, a homothermal
area situated between or adjacent to heterothermal regions should be
expected to be richest when its temperatures show the greatest deviation from those of the surrounding waters,42
In the shallow water belt along the Atlantic coast of the United
States, we have several situations to which these considerations might
apply. In the Middle Atlantic section we have a heterothermal region
with a very rich migratory summer population (fishes). Adjacent to
the north is a comparatively homothermal area, the Gulf of Maine.
When the summer fishes disappear from the Middle Atlantic coast it is
therefore reasonable to expect that the more northern populations
would to a considerable extent, at least, replace them by diffusion only,
co Random 80 far &8 temperatures are concerned, where no significant temperature
differences exist.
U The "vacancy" might of course in itself serve to cause an increased diffusion,
under favorable conditions perhaps even a total migration.
U If the deviations should be in opposite directions during alternate seasons their
effects may. of course, compensate each other 80 far &8 a homothermal region between heterothermal areas is concerned.
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and not by a total migration. The Middle Atlantic section should,
therefore, be expected to be comparatively poor in fish populations
during the cold season. This is also found to be the case in an
increasing degree the farther one gets away from Cape Cod, with the
condition reaching an extreme in Chesapeake Bay, which is reputed to
be "largely barren of fish during the winter months" (Hildebrand and
Schroeder 1928, p. 13).
The geographical relationships of the homothermal region of Cape
Hatteras present a peculiar situation of very particular interest for
our biological considerations. Here we have a very small homothermal
area interposed between two large heterothermal regions, both deviating from the homothermal conditions during the same season and in
the same direction: i. e., by lower winter temperatures. It is thus quite
conceivable that the region of Cape Hatteras might receive a winter
concentration of "summer" species both from the north and at least
from the nearest adjacent waters to the southward. The fact that the
autumnal cooling also in the southern region, south of the transition
area from homothermal to heterothermal conditions, proceeds from
the northward, will of course tend to prevent a northward migration
from the more remote parts of the southern region; but within the
transition area, at least, such a migration with resultant concentration
in the homothermal region seems the most natural thing to expect.
There is also the possibility of an indirect northward migration if the
midwinter temperature distribution from Cape Hatteras southward
is correctly shown in figure 18 on page 53. From this illustration it
is evident that if a shallow water fish population for instance in the
region between Cape Lookout and Frying Pan Shoals should begin by
moving offshore with a certain isotherm between 50° and 60° F., it
might continue its migra.tion by moving inshore again in a northerly
direction along the same isotherm towards the region of Cape Hatteras.
It might, of course, also simply remain In deep water off the region of
its summer habitat, or it might even move farther offshore in a southerly direction still along the same isotherm. With these three alternatives in mind the author does not want to express any opinion upon
probabilities, but it seems important that the possibility of a northward movement of southern fish populations during the winter
towards the region off- Cape Hatteras should not be overlooked by the
investigators. The mechanism of the winter invasion from the north
should not require any further discuBBion here. It may be seen from
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figure 18 that fishes moving with isotherms higher than 65° F. could
continue their southward migration through the region of Cape
Hatteras and along the Southern Atlantic coast without even being
forced to travel offshore. Between 60° and 65° F. they could still
pass Cape Hatteras but would be forced to go offshore to the southward, which perhaps in itself might be sufficient cause for them to remain in the region of the Cape. Below 60° F. passage is hardly a
significant possibility (see page 56). The ecologically dominant and
commercially important summer fish populations of the Middle Atlantic coast arrive in their northern habitat in the spring along with
the 45°-55° F. isotherms, thus proving that these temperatures are
fully satisfactory for their requirements. This being the case there
should be no reason for these species to migrate southward in the
winter beyond the region of Cape Hatteras. The forms for which a
temperature between 45° and 50° F. is adequate should not even have
to travel all the way to the Cape, as their thermal requirements would
be fulfilled already in the area immediately north of this point I . For
the species requiring a minimum sustained temperature above 50° F.,
but satisfied with 55° to 60° F., the region of Cape Hatteras itself,
including particularly the waters immediately to the southwestward
of the Cape, would provide perfectly satisfactory winter conditions;
apparently in fact more satisfactory thermal conditions than are to
be found in any inshore area north of the coast of Georgia or the
southern part of South Carolina (Martins Industry Lightship). That
a winter invasion of the region of Cape Hatteras and the waters immediately north of this point by the Middle Atlantic summer populations does occur exactly in the manner suggested in the preceding
has been clearly established by Pearson's investigation of the winter
trawl fishery which has developed in these waters during recent years
(Pearson 1932). According to Pearson's findings scup (Stenotomus
chrysops), sea bass (Centropristes striatus), hake (Urophycis regius)
and other forms satisfied with a temperature of 50° or less, as judgedl
by the temperatures under which they arrive in the north in spring,
remain largely north of Cape Hatteras but south of Chesapeake Bay,
while the species with a somewhat higher temperature requirement
and a slightly later northern arrival such as the croaker (Micropogon
undulatus) , weakfish (Cynoscion regalis) and kingfishes (Menticirrhus
~p.) are mainly found in the region of Cape Hatteras itself, particularly
"
immediately to the southwestward of the point.
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Since the Straits of Florida represents another homothermal region
it is to be expected that the seasonal invasion of purely tropical forms
from this area into the waters of the Southern Atlantic coast must have
the character of a diffusion, only, rather than a total immigration.
But no actual information of a satisfactory nature is available on this
point. In regard to the southward migration of the summer species
from the heterothermal waters along the Southern Atlantic coast, it
may be pointed out that many of the species such as the weakfish,
croaker, etc. have proved their ability to invade the Middle Atlantic
region at temperatures ranging as low as 500 F. If the thermal requirements of the southern summer populations of these species are
the same, they might consequently be expected to remain all year
round south of the Carolinas, where a sustained temperature below 500
F. is not common. Recent investigations have also revealed the
presence of the weakfish and others throughout the year along the
coast of Georgia. 43 The more tropical forms will, on the other hand,
undoubtedly be driven farther back towards the Straits of Florida.
STABILITY AND INSTABILITY OF SHALLOW-WATER TEMPERATURES ACCORDING TO TIME AND LOCATION

If

During the time and in the localities where the isotherms run closely
together in groups, as in the temperature barrier in the region of Cape
Hatteras during the winter, and the barrier at Cape Cod in the Bummer," it is clear that a comparatively slight dislocation of the water
masses will cause relatively wide fluctuations in the temperature at
any fixed geographical point. We would therefore naturally expect
to find highly eurythermal conditions prevailing at such times and in
such localities. Where, on the other hand, the isotherms are always
fairly well spread out, as in the Southern and Middle Atlantic regions
and in the Gulf of Maine, we should conversely expect the seasonal
fluctuations to follow an annual curve of fairly smooth contour, with
comparatively stenothermal conditions obtaining at any time of the
year. These expectations are fully realiz,ed in the temperature
records now on hand as illustrated by examples in the accompanying
.3 The writer is indebted to Mr. W. W. Anderson for winter records from this area.
.. If a warm front should develop in the region of Cape Canaveral during the winter (see page 60) it is, of course, also p088ible that eurythermal conditions might
obtain at .this point during the cold season. Without actual data available for
analysis it is, however, hardly worth while carrying our speculative consideration of
this p088ibility any further in connection with the above discussion.
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figure 24. In this illustration we have shown the average annual
temperatures for four representative lightships, one for each thermoss
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graphic section of the shallow-water zone from the region of Cape
Hatteras to the Gulf of Maine, with an entirely unsmoothed temperature curve for an individual year in each locality drawn around the
average curve, to show the amount of deviations from the normal
usually encountered in the five-day temperature averages at different
times of the year in the different sections of the coastal waters.
From this figure we will see how the individual temperature curves
in the shallow-water zone in the region of the Gulf of Maine (Mt.
Desert Rock) and of the Middle Atlantic coast (Five-Fathom Bank)
run fairly close to the average annual curve at all times of the year,
without any significant difference in this respect between summer and
winter, quite as we expected.
In the region of Cape Cod (Nantucket), we find the individual
annual temperature curve almost entirely joined with the average
curve during the winter, spring and late fall, but during the summer,
from June to September, that is during the period of the temperature
barrier in this region, we find a series of very wide and abrupt deviations from the average, as we were also able to predict from our considerations in the preceding. 46
In the region of Cape Hatteras (Diamond Shoal) we finally observe
the individual temperature averages for five-day periods making by
far the widest and most violent fluctuations away from the normal
during the winter, early spring and late fall, while the individual
curve runs quite close to the average annual curve during the summer
period from the end of May to the latter part of September; conditions which are again entirely in accordance with our expectations.
From these considerations we see that whereas the biological
processes going on in the shallow-water zone in the Southern and
Middle Atlantic regions and in the Gulf of Maine. can take place under
fairly stenothermal conditions, once the proper average temperature
has been reached, the non-migratory organisms living either in the
region of Cape Cod46 or in the waters around Cape Hatteras will be
subjected to very sudden and violent fluctuations in temperature
.. It seems probable that observationa made near the average centre of the cold
area over Nantucket Shoals (see page 31 and figure 5) might show leBB violent fluctuationa in temperature during the summer than do the records from Nantucket and
Pollock Rip Lightships, the eurythermal conditions being perhaps a phenomenon of
t1e marginal zones of this cold area, rather than due to fluctuations sweeping the
entire region from Nantucket Shoals to Pollock Rip.
,e At least around the margins of the cold area over Nantucket Shoals.
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during the summer or during the winter, respectively, and they must
therefore be able to perform their essential biological functions independent of these changes. The non-migratory fauna must, in other
words, be eurythermal in its systematic composition and ecology at
least during the summer at Cape Cod and at least during the winter
at Cape Hatteras. It would undoubtedly be very interesting to have
the invertebrate bottom faunas of these two widely separated regions
of the shallow-water zone worked out and compared with each other,
and with the faunas of the intervening area, with due consideration
of the zoogeographical and ecological significance of this state of
eurythermal and stenothermal conditions in opposite seasons and in
opposite alternation with each other in the different regions. It may,
in this connection, also be of interest to point out that the eurythermal
conditions in the Cape Cod and in the Cape Hatteras regions, although
at entirely opposite seasons of the year, nevertheless occur around
almost exactly the same average temperature, namely, about 60
degrees F.
That the fluctuations occurring during the eurythermal periods at
Cape Hatteras and at Cape Cod are large enough to call for further
investigation of their biological effects should be adequately shown in
our figure 24, from which it may be seen that successive five-day
averages in the former region during the winter period may differ from
each other by as much as 17-18 degrees F., and in the Cape Cod
region fluctuations of about the same magnitude may occur within the
period of about three weeks during the height of the summer. If
individual daily or semi-daily records are considered, differences of as
much as 11 degrees F. within ten hours or 20 degrees F. within two
days may be registered at Cape Hatteras, and at Nantucket Lightship differences of as much as 13 degrees F. may develop overnight.
That the recorded observations are not simply accidental and due
to errors of observation can be taken to be proved beyond any reasonaoll' ooubt, by the hct. that the data furnished by the officers of two
separate lightships in each barrier region (Pollock Rip and Nantucket
Lightships for the Cape Cod region; Diamond Shoal and Cape Lookout 47 Lightships for the region of Cape Hatteras) in three separate
'7 As one may see from figure 21 the temperatures at Cape Lookout Lightship will
register the approach or withdrawal of the Gulf stream tow~ds or away from the
coast in a similar manner as does the temperatures at Diamond Shoals. Similar
effects are also to be observed at Frying Pan Lightship (example in figure 25, on next
page), although somewhat le88 frequently and less violently.
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years (1928-1930) give essentially the same picture of the annual
temperature cycles in these waters, while the temperature data obtained from the lightships and lighthouses along the Middle Atlantic
coast (Cape Charles, Winter Quarter, Five-Fathom Bank, Fire Island,
and Brenton Reef) and in the Gulf of Maine (Portland and Mt.
Desert Rock) are in equally good agreement with each other in showing a comparatively smooth and uniform development of the annual
temperature curves in the respective regions to which they belong.
The writer has considered it unnecessary to render in print each of the
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Fig. 25.-Unsmoothed temperature curve for Frying Pan Shoal LightshIp during the months
of January and February 1929. Observations twice dally.

twenty-seven annual temperature curves for these ninetighthouses and
lightships in substantiation of t.hese assertions, but has intentionally
chosen for illustration in figure 4 (page 22) the one individual annual
temperature curve which apparently differs most from what has in the
preceding been claimed to be the normal conditions of the region to
which it pertains, namely, the 1930 curve for Diamond Shoal. In this
year there appears to have been a period of comparatively stenothermal
conditions during the coldest part of the year, but the abrupt fluctuations in the beginning of February, the end of May and first days of
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June and the late fall (the December records are, unfortunately, still
missi~g for this year) otherwise confirm our general description of temperature conditions in the region of Cape Hatteras, as do also the 1930
records from Cape Lookout.
From the foregoing use of the terms stenothermal to describe conditions in regions where the annual temperature curve has a very wide
seasonal range, and eurythermal for conditions where the seasonal
difference is comparatively slight, it may already have occurred to
the reader that the conventional terminology differentiating only two
categories of temperature conditions is really quite inadequate to
describe the situations actually found in nature. Among the chief
features to consider in a classification of thermal conditions for biological purposes are: 1) the irregular fluctuations of short duration
around the average trend of the season; and 2) the regular, periodic
changes in average temperature levels from season to season. It is
clear that the ability of an organism to withstand great, but slow and
gradual changes in temperature from season to season does not necessarily imply that it is also able to resist a series of violent fluctuations
within a short period. Nor can it a priori be taken for granted that
a species with great resistance to sudden changes in temperature of
short duration must be equally well able to survive a similar change
sustained throughout a whole season. Short-period and seasonal
fluctuations must, therefore, be considered separately as two entirely
different and independent biological factors in our definition of an
ecological environment and in this manner we arrive at a quadruple
instead of simply a double classification of temperature conditions,
for which the author will propose that the following terms be used:
Homostenothermal for the regions of greatest stability in every respect;
that is, where the regular difference between the seasonal temperaturelevels as well as the irregular fluctuations around the seasonal trends
of the temperature curve are slight; or for organisms requiring such
conditions for their existence. Heterostenothermal for regions in which
the irregular fluctuations are slight, but the seasonal differences great;
or for organisms able to exist under such conditions. Homoeurythermal for regions in which the seasonal differences in average temperature level are slight, but the irregular fluctuations around the
seasonal averages, or trends, are great; or for organisms able to exist
under such conditions. Heteroeurythermal for the regions of least
stability; that is where both the regular seasonal differences and the
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irregular fluctuations are great; or for organisms able to exist under
such conditions. The accompanying figure 26 gives a diagrammatical

HOMOSTENOTHERMAL

Fig. 26.-Dlagrammatlc illustration ot the tour main cathegeries ot temperature conditions.

illustration of the four types of temperature conditions. In the case
of the two eurythermal types, the irregular fluctuations may, of course,
be seasonal in their occurrence and need not take place during the
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whole year. This will, therefore, require special mention in the definition of any eurythermal region and it may correspondingly be worth
while investigating whether eurythermal organisms may not show a
wider toleration of irregular fluctuations at certain temperature
levels than at others. 48
In the shallow-water belt along the Eastern coast of the United
States we have comparatively homoeurythermal conditions in the
region of Cape Hatteras; more h~teroeurythermal conditions in the
region of Nantucket Shoals; heterostenothermal Gonditions in the
Southern and Middle Atlantic bights; homostenothermal conditions
in the Straits of Florida and to a lesser degree towards the northern
part of the Gulf of Maine.
Even the quadruple classification of temperature conditions is, of
course, only adequate so long as we deal with organisms and processes
completing their cycle within a year. But in the study of geographical
distribution, the evolution of species, and the history of populations
we also have to consider the variations in temperature conditions from
year to year, and the ability of species and populations to adapt themselves, reversibly or irreversibly, to these variations. Through the
great attention lately directed towards the long-term periodic fluctuations in the abundance or in the distribution of a multitude of organisms, the question of periodic or non-periodic annual variations in
temperature has gained a particular interest in modern ecology, and
in the problems of palaeogeography and the evolutionary history of
the species it has always been an outstanding feature for consideration.
For this reason it is also desirable to have well-defined terms for the
designation of secular stability or instability of temperatures and for
the ability or inability of populations and species to withstand or
adapt themselves to changes in temperature conditions involving
periods longer than a year. To that end the author will propose the
use of the term monimothermal49 for temperature conditions remaining
relatively constant from year to year; or for species and populations
requiring such stability for their continued existence in a certain
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.8 It is not at all to be taken for granted that the Widest toleration for eurythermal
conditions should be found in the middle of the temperature range of a species, as
physiological changes determined by the general temperature level may quite conceivably have a profound effect upon the ability of the organism to withstand the
adversity of sudden fluctuations.
H Monimos = constant.
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region; and l'eothennal60 for temperature conditions showing great
variations from year to year, whether of a periodic or nonperiodic
character; and for species and populations able to resist or adapt
themselves to such variations.
TEMPERATURE CONDITIONS IN SEMI-ENCLOSED AREAS
IN RELATION TO SHALLOW-WATER TEMPERATURES
OFF THE OPEN COAST

As already well known, and mentioned on several occasions in the
preceding, the laws governing the temperature cycle in the sea off the
open coast do not generally apply equally well to temperature conditions in the semi-enclosed areas of marine water extending inwards
from the outer shoreline in such regions as, for instance, Chesapeake
and Delaware Bays, and in the inland water-ways of the New Jersey
marshes, et cetera. In such localities, one will, of course, almost
invariably find that the annual temperature curve has a considerably
greater range than in the waters immediately outside, with lower
temperatures in the winter and higher during the summer. In the
accompanying figure 27 a comparison is made between the surface
temperatures recorded at Five-Fathom Lightship and the temperatures observed by the writer and his collaborators inside of the Delaware Bay. While this picture in itself only represents a situation with
which every marine biologist has already long been familiar, it nevertheless implies the possibility of certain ecological dangers, which, so
far as the author knows, have not heretofore received the attention
they might merit in special cases. When the bay water temperatures
follow a different curve from that taken by the temperatures on the
outside, the situation might, so far as we know, quite possibly arise
that the two temperature curves would not intersect during the
autumnal cooling until they had both sunk considerably below their
modal values during the summer. Whenever this should happen to
be the case, summer populations established in inside waters by a
warm-water species, for which it should be imperative to avoid temperatures as low as that of the intersection point between the inside
and outside temperature curves, might quite easily get trapped and
destroyed by the fact that they would not take alarm and leave until
the temperatures of the outside waters through which they would
00
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have to pass had already sunk below the minimum
temperature required 'for their well-being, while they
were still dwelling in warmer waters inside. Even
when the temperature on the inside should finally
begin to approach the minimum value for our species,
the temperl\.ture gradient might still be pointing in
the wrong direction, inwards instead of outwards,
and might thus continue to keep the population captive until disaster set in, before the gradient would
finally turn to point in the proper direction after
the intersection point between the inside and outside temperature curves had been passed. For this
reason it seems desirable always to try to establish
the nature of the seasonal relations between the inside and outside temperature cycles wherever there
are bays or other more or less enclosed shallow-water
areas of sufficient magnitude to constitute real zoogeographical dangers in case conditions such as those
described in the preceding should develop.
To see if any such dangers might be found within
the area with which we are here concerned, the average relationship between the Delaware Bay temperatures and the temperatures of the immediately adjacent waters on the outside has been indicated in
figure 28 by drawing the three-year average temperature curve for Five-Fathom Bank Lightship, based
upon twenty-five-day periods, and by constructing
an inside temperature curve from this on the basis
of mid-point values 61 in the deviation band for the
Delaware Bay temperature observations given in the
upper part of figure 27.
From figure 28 it would seem that apparently no
danger is involved in so far as Delaware Bay is concerned, inasmuch as the autumnal intersection point
is very close to the modal point of both curves,
61 Averages would not give a just illustration since the number
of inside observations in various localities cannot be evaluated
according to the length of time and the extent of the area they
represent.
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so that the temperature gradient is henceforth pointing in the right
direction as far as the emigration of all southern forms at the approach of winter is concerned. Similarly, the vernal intersection
point is very close to the minimum values reached by both curves
during the cold season, so that it is also a perfectly safe area for the
escape of the winter fish to the northward with the advance of temperatures during the spring. It is quite possible that this picture
represents the normal state of affairs under topographical conditions
such as those of the Delaware Bay region and of the Middle Atlantic
80
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FIg. 28.-Average annual temperature curves Inside and outside of the Delaware Bay.
Explanations In the text.

coast in general62 and that one will not often meet with any actually
important zoogeographical traps of the nature described in the preceding. Nevertheless, it will always remain a possibility to be looked
out for in marine ecological investigations.
The relationship of the temperatures observed at Boston Bay
Lightship and at Gloucester to the temperatures recorded from the
.. If both temperature cycles are solely determined by vernal heating and autumnal

cooling, without hydrodynamic complications, this would perhaps even seem to be
the generally most probable state of affairs to be expected under such circumstances.
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nearest stations on both sides (Pollock Rip and Portland, Maine)
rather indicates that conditions in the former two localities must be
regarded as similar to those of semi-enclosed areas such as Delaware
Bay. Allowance for this fact has therefore been made by the preparation of figures 8-11 on various occasions when the full consideration
particularly of the Gloucester records would tend to distort the pictures too much.
SUMMARY AND CONCLUSIONS

Daily temperl!ture records kept by 19 lightships and lighthouses
along the eastern coast of the United States from Tortugas to Maine,
over a period of three years (1928-30), together with the temperature
curves rendered by Rathbun (1887) for the period 1881-85, are analyzed and presented for biological consideration without any attempt
to interpret them hydrographically.
The recorded surface temperatures are considered to be in a general
way representative of temperature conditions in the entire shallow
water zone (off the open, coastline) down to an average depth varying
from 5 fathoms during the summer to probably more than 20 fathoms
during the winter.
The special geographical significance of the shallow water zone
along the Atlantic coast of the United States is pointed out and it is
shown that the area within the la-fathom contour covers over 10,000
square miles between Cape Cod, Mass. and Cape Canaveral, Florida,
with an average width over this distance of more than 10 miles.
A method of presentation is selected which gives a clear picture of
the annual temperature cycle of the entire shallow-water zone at once,
both in relation to time and to geographic location, thereby also
bringing out the seasonal changes in the interrelationships between
the various coastal regions with respect to temperatlire.
It is found that the periods and regions of change in regard to temperature also define the time and location of the major migratory
activities of the shallow-water fish populations.
A warm-water temperature barrier is established in the region of
Cape Hatteras during the winter, separating the colder coastal waters
to the southwestward from the cold waters to the north; while a coldwater barrier develops in the region of Cape Cod-Nantucket Shoals
during the summer months; but in neither locality are such barriers
found to be a permanent feature during all seasons. The possibility
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of a warm wall, or warm front, being formed somewhere in the region
around Cape Canaveral during the cold season is also discussed, but
the available data are inadequate to show whether such a development actually takes place or not.
Through the alternate development and breakdown of the temperature barriers at Cape Hatteras and at Cape Cod, the shallow-water
belt along the Middle Atlantic coast between these two points is in
open temperature-continuity .with the waters north of Cape Cod
during the winter and with the waters south of Gape Hatteras during
the summer, being barred in the opposite directions during these
respective seasons. These observations are found to explain both the
period, extent and character of the seasonal invasions of the Middle
Atlantic coastal waters by populations of northern or of southern
origin.
The shallow-water belt along the eastern coast of the United States
is shown to contain three relatively homothermal areas, that is, areas
in which the seasonal variations in temperature are comparatively
slight, namely the Straits of Florida at a high temperature-level, the
region of Cape Hatteras at an intermediate level, and the Gulf of
Maine at low temperatures. The seasonal range in these areas is
least in the Straits of Florida and greatest in the Gulf of Maine,
which is designated as homothermal only in comparison with the
other two major regions of the shallow-water zone: the Southern and
Middle Atlantic Bights, in which highly heterothermal conditions are
found to prevail, that is, where the seasonal variations in temperature are very great.
The ecological relationships between homothermal and heterothermal regions adjacent to each other in various arrangements are
discussed and reasons are found why the winter invasion of the Middle Atlantic region from the north should be quantitatively poor and
not very penetrating, why the seasonal change in the composition of
the fish fauna of the Middle Atlantic Coast should be as complete as
it is, and why the winter concentration of summer fish recently discovered in the region of Cape Hatteras should be expected to occur
exactly at that point.
While the temperatures in the Straits of Florida, in the Southern
and Middle Atlantic regions and in the shallow-water zone in the
Gulf of Maine follow a fairly smooth annual curve through all seasons,
providing fairly stable conditions for stenothermal species and bio-
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logical processes at any time of the year, the temperatures in the Cape
Cod region develop smoothly only during the winter, early spring and
late fall, but show violent fluctuations during the summer months.
In the neighborhood of Cape Hatteras, the opposite succession of
conditions prevail, with a relatively smooth temperature curve during
the summer, but with violent fluctuations during the winter, early
spring and late fall.
At Cape Cod and Cape Hatteras one thus finds strongly eurythermal
conditions of life prevailing during opposite seasons, in alternation
with stenothermal conditions around an only gradually changing
temperature trend during the rest of the year. The desirability of an
ecological investigation of the shallow-water bottom faunas with a
view to ascertaining the possible effect of these conditions is pointed
out.
Attention is called to the fact that the eurythermal conditions
develop around approximately the same average temperature of about
60 degrees F. at Cape Cod in the summer and at Cape Hatteras during
the winter. The fluctuations during the eurythermal periods in these
regions may cover a range of as much as 20 degrees F. within two days.
It is pointed out that the classification of thermal conditions, in
regard to stability or instability, or of the thermal requirements of the
organisms in this respect, in two categories only, eurythermal and
stenothermal, is quite inadequate for the description and definition of
the conditions and requirements actually found in nature. At least
four categories are shown to be needed for an elementary classification
of the main types of thermal fluctuations within the annual cycle, and
at least six categories when variations over longer periods than one
year are also being considered. Suitable terms for the designation of
the six main types of temperature conditions, and of biological requirements in regard to stability or instability of temperatures, are
suggested (p. 80).
The relationship between the water temperatures in semi-enclosed
areas and in the shallow-water zone along the open coast line is discussed, and the possibility of such semi-enclosed areas acting as temperature death traps for the migratory forms, depending upon the
direction in which the temperature gradient may point at the time
when the outside temperature reaches the danger point for any particular species, is pointed out, but it is found that such temperature
traps probably do not normally develop in the bays and inland salt
waters of the coastal area here considered.
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TABLE FOR CONVERSION OF TEMPERATURES FROM DEGREES
FAHRENHEIT TO DEGREES CENTIGRADE
Fahrenheit

Centigrade

Fahrenheit

Centigrade

30
31
32
33
34
35
36
37
38
39

-1.11
-0.56
0.00
0.56
1.11
1.67
2.22
2.78
3.33
3.89
4.44
5.00
5.56
6.11
6.67
7.22
7.78
8.33
8.89
9.44

50
51
52
53
54
55
56
57
58
59
60
61
62
63

10.00
10.56
11.11
11.67
12.22
12.78
13.33
13.89
14.44
15.00
15.56
16.11
16.67
17.22
17.78
18.33
18.89
19.44
20.00
20.56

40

41
42
43
44
45
46
47
48
49

64

65
66
67
68
69

Fahrenheit

Centigrade

70

21.11
21.67
22.22
22.78
23.33
23.89
24.44
25.00
25.56
26.11
26.67
27.22
27.78
28.33
28.89
29.44
30.00
30.56
31.11
31.67

71

72
73
74
75
76
77
78
79
80

81
82
83

84
85
86
87
88
89

